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PREFACE. 


THIS  lxx>k  is  the  result  of  the  writer's  endeavor  to  compact  the  greater 
part  of  the  reference  information  usually  required  by  mechanical 

and    -indents   into   a    volume   whose   dimensions    permit  of  its  being 
carried  in  the  pocket   without   inconvenience. 

In  its  preparation  he  has  consulted  standard  treatises  and  reference 
books,  the  transactions  of  engineering  societies,  and  his  own  memoranda' 
which  extend  back  over  a  period  of  fifteen  years.  A  large  amount  of  val- 
uable and  timely  matter  has  been  obtained  from  the  columns  of  technical 
periodical^  and  also  from  the  catalogues  which  manufacturers  have  cour- 

placed  at  his  disposition. 

While  very  great  care  has  been  taken  in  the  preparation  of  manuscript 
and  in  the  reading  of  proofs,  it  is  nevertheless  a  regrettable  fact  that 
first  editions  are  not  always  infallible,  and  the  writer  will  accordingly  be 
under  obligations  to  those  who  will  call  his  attention  to  such  error-  in 

ient   or  typography  as  may  come  to  their  notice. 

Suggestions  indicating  how  subsequent  editions  may  be  made  of  greater 
usefulness  are  respectfully  solicited. 

CHARLKS  M.  SAMKS. 


SECOND  EDITION,  FOR   1907. 

ALL  matter  contained  in  the  first  edition  has  been  carefully  scrutinized 
f«,i  errors,  compari-on.-  having  l>een  made  with  the  original  -om  cc-  of  the 
inr.>riuatioi:  from  which  it  was  compiled,  as  it  was  found  that  ncath  all 
the  inaccuracies  occurred  through  recopvmvr  from  note- 

A  number  of  alterations  have  been  made  in  the  text,  ceitan,  dftU 

•  •placet!  by  fresher  matter,   and   the  work   has  l*>en  enlaiged    by   the 
jdition    of    an    appendix    in    which    ne\\    Mibj.-  ••  ited.    -ome   omi-- 

and  much  space  t  •  -nt  and  valuable  matter  relat- 

t  Machine  Design. 
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FOURTH    EDITION. 

v    matter    has    hern    added    on    tiearlv    one    i.  . 
additions  deal   chiefly   with    N 

Allowable    Fil.cr  -irenirth    of    Chain    F.iti  i'late*. 

Hollow    Sphere-.    Keys.    Riveted    Joiut^    and     • 
Metals    at    Abnormal    Temper.it  IIP 

Allowable    Kelt    Tension-     Steel    I,  tinn    and    \1 

Friction,    Involute   and    Herringbone   tearing;     .Journal,    i 
Hearings;      Knuckle    Joint-: 
Piston    Rods;     Cork-Insert    Pullev 

Flight  and   Spiral    Conveyors;     Power    Hammers   and    Pn'— ••-; 
lators;    Steam  Tables   (new);     \i-w  Saturated  and  Super!;, 
muhs;      .Modern    Steam    Mnniric    Proportions;     <  lovernor- :      Pop: 
Steam  Pipes;    Pressure  I)rop  of  Steam  and  Compressed  Air  in 
tropy;    Cylinder  Lubrication;    Steam  Turl.ini-s;     Locomobiles;     I  i 
mission  in  Steam   Boilers;    Calorific  Values  of  Coal  and  Petroleum;    ' 
Furnace  Closes;    Cooling  Toner-     Safety   \"  ; 
bile  Engine  Design;     Wind  Pressure;     Air   Lift    Pu 
Aeroplane   Design;     Friction   Loss   in   Water   Pipes   and   Channel.-;     V 
Hammer  in   Pipe   Lines;    Centrifugal  Pumps;     I)e-inn  of  Turbines  an  : 
pulse  Wheels;    Water  Rheostats;    Tungsten   Lamps;    Can  : 
trie  Lamps;    Transmission  Line  Constants;    Curre; 
Electric  Drive  for  Machine  Tools;  Power  Required  by  Machine  Tools,  <.•:•• 
Xe\v  data  have  also  been  inserted  at  many  places  in  the  text. 

C.    M. 
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A 

Am.  Mach. 

a 

Bm 

B.H.P. 

B.  T. 

B.T.U. 

B.W.G. 

C. 

C 

C.I. 

c. 

cm. 

c:«-    ., 
cir.  mils 


cu. 

coeff. 

D 

d 

clegs. 

E 

E.H.P. 

E.M.F. 

E:  N. 

E.  R. 

E.  W.  &  E. 

Fn 

fc,  fa.  ft 


Area  in  square  feet. 

American  Machinist. 

Area  in  square  inches. 

Bending  moment. 

Brake  horse-power. 

Board  of  Trade. 

British  thermal  unit. 

Birmingham  wire  gauge. 

Centigrade. 

Modulus  of  transverse  elasticity. 

Cast  iron. 

Center. 

Centimeters. 

Center  of  gravity. 

Circular  mils. 

Candle-power. 

Cubic. 

Coefficient. 

Larger,  or  outside,  diameter  in  inches. 

Diameter  in  inches  (diam.). 

Degrees. 

Modulus  of  direct  elasticity. 

Electrical  horse-power. 

Electro-motive  force. 

Engineering  News. 


Engineering  Record. 
Electrical  World  and 


and  Engineer. 

Fahrenheit. 

Tractive  force  in  pounds. 

Acceleration  in  feet  per  second. 

Stresses  in  pounds  per  square  inch  (compression,  shear,  ten- 
sion). 

fr  Modulus  of  rupture, 

ft.  Feet. 

ft.-lbs.  Foot-pounds. 

G  Pounds  in  one  cubic  foot  of  water. 

g  Acceleration  of  gravity  in  feet  per  second  (  =  32.16) ;  Grams, 

gal.  Gallons, 

g-cal.  Gram-calories. 

H  Height  or  head  in  feet;  total  heat  in  steam   above  32°  F.,  in 

B.T.U. 

H.P.  Rated  horse-power. 

h  Height  in  inches;  sensible  heat  in  the  liquid  above  32°  F. 

hor.  Horizontal, 

hr.  Hours. 

7  Moment  of  inertia. 

IP  Polar  moment  of  inertia. 

I. H.P.  Indicated  horse-power. 

Ing.  Taschenbuch.  Engineer's  Pocket  Book  (Hfltte),  Berlin, 
in.  Inches. 
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AND    ABBREVIATIONS. 


J- 

F 


AT  Moduli^  r,f  voln- 

ko  Specific  heat  at  constant  volume. 

kp 

kg.  Kilogram*;  kK.-m.,  kilogram  meters. 

km.  Kilon.. 

k\v.  Kilo-A 

Length  in  feet ;  latent  heat  in  B.T.U.  per  Ib.  of  steam. 

/  Length  in  i. 

Ib.  founds. 

lin.  Lineai. 

M  <>n's  ratio. 

Ml.  P. 

MM   I.  Magneto  motive  force. 

m  Ma—  in  pounds  —  w+g. 

m.  Me-. 

mm.  Millimeters. 

m.-kg.  kilograms. 

N  Number  of  revolutions  per  minute. 

n  ' '    second. 

P  Total  pressure  in  pounds. 

Pressure,  in  pounds  per  square  inch. 
Pitch,  in  inches  (rivets,  -crews,  gear-teeth). 
Mean  effective  p re-sure  in  pounds  per  square  inch, 
rp.  Perpendicular. 

Flow  of  air  or  water  in  cubic  feet  per  minute. 
0  ' '    second. 

R  Radius  in  feet;  thermodynamic  constant. 

r  Radius  in  inches;    radius  of  gyration  in  inches;    ratio  of  ex- 

pansion. 

r.p.m.  Revolutions  per  minute. 

S  Modulus  of  section  in  bending. 

Si  "  torsion. 

*  Side  of  square  in  inches ;  distance  in  feet  in  velocity  formulas, 

sec.  Seconds, 

sp.  gr.  Specific  gravity, 

sq.  Square. 

Absolute  temperature  in  degs.  F.  (also  r). 
Tm     .          Twisting  moment. 
Tn  Greater  tension  in  belt  or  rope. 

/  Thickness  in  inches;  time  in  seconds. 

1°  (or  t)          Temperature,  or  rise  of  temperature  in  degs.  F. 
in  Lesser  tension  in  belt  or  rope. 

V  Velocity  in  feet  per  minute;  volume  in  cubic  feet. 

v  Velocity  in  feet  per  second. 

vert.  Vertical. 

W.  I.  Wrought  iron. 

w  Weight  or  load  in  pounds  (also  wt.). 

yd.  Yards. 

Z.  V   D.  I.     Zeitschrift  des  Verelnes  deutscher  Ingenieure.     Berlin. 

a   (Alpha)      Coefficient  of  linear  expansion  in  degs.  F.;   an  angle. 

0  (Beta)        An  angle. 

•f  (Gamma)  Pitch  angle  in  spiral  gears. 
J  (Delta)       Total  deflection  in  feet  ,   j,,-=same  in  inches. 

d  8c,8l,8a,dt   Deflection  or  strain  per  inch  of  lc>ngth  (due  to  com- 

pression, laterally,  shear,  and  tension,  respectively), 
i?   (Eta)          Efficiency. 
(f   (Theta)      Anglo    of  torsion. 

/<  (Mu)  Coefficient  of  friction;   tangent  of  friction  angle. 

r.  (Pi)  Ratio  of  circumference  to  diameter  =  3.14159  +  . 

p  (Rho)          Radius  of  curvature  in  bending. 

1  (Sigma)     Symbol  indicating  summation. 

r    (Tau)         Absolute  temperature  in  degs.  F 
^  (Phi)  Entropy. 

oc  "Varies  as." 

Greater  than. 

Less  than. 

y  Parallel  to. 

-r-  Ac  r. 


normal  pitch  in  spiral  gears. 


MATHEMATICS. 


WEIGHTS    AND    MEASURES    (ENGLISH). 

Length.  1,000  mils  =  l  inch;  12  inches  =  l  foot;  3  feet=l  yard:  5.5 
yards  =1  rod,  pole  or  perch;  7.92  inches  =  1  link;  100  links  =  1  chain; 
80  chains -=  1  mile  =  5,280  feet;  1  furlong  =  40  rods;  1  knot  or  nautical  mile 
=  6.080.26  feet  =  i  league. 

Surface.  144  sq.  in.  =  1  sq.  ft. ;  9  sq.  ft.  =  1  sq.  yd. ;  30.25  sq.  yd.  =  1  sq. 
rod;  160  sq.  rods  =  1  acre  =  43,560  sq.  ft.;  1  circ.  mil  =  0.0000007854  sq.  in. 

Volume.  1,728  cu.  in.  =  1  cu.  ft. ;  27  cu.  ft.  =  1  cu.  yd. ;  1  cord  of  wood 
=  128  cu.  ft.;  1  perch  of  masonry  =  24.75  cu.  ft. 

Avoirdupois  Weight.  (The  grain  is  the  same  in  all  systems.)  27.34375 
grains  =  1  drachm  =  iV  ounce;  1  pound  =  16  oz.  =  7,000  grains;  1  long  ton  = 
2,240  Ib. ;  1  net  or  short  ton  =  2,000  Ib. 

Troy  Weight.  24  grains  =  1  pennyweight ;  20  pennyweights  =  1  ounce ; 
12  ounces=  1  Ib.  =5.760  grains;  1  carat  =  3.168  grains  (  =0.205  gram). 

Apothecaries'  Weight.  20  grains  =  1  scruple;  3  scruples  =  1  drachm; 
8  drachms  =  1  oz. ;  12  oz.  =  1  Ib.  =  5,760  grains. 

Liquid  Measure.  4  gills  =  1  pint;  2  pints  =  1  quart;  4  quarts  =  1  gal- 
lon (U.  S.  gal.  =  231  cu.  in.;  British  Imperial  gal.  =  277.274  cu.  in  );  31.5 
gal.  =  1  barrel;  2  barrels  =  1  hogshead. 

Apothecaries'  Fluid  Measure.  60  minims  =  1  fluid  drachm;  8 
dracnms  =  l  fluid  ounce  =  437.5  grains. 

Dry  Measure,  U.  S.  2  pints  =  1  quart;  8  quarts  =  1  peck;  4  pecks  = 
1  bushel  =  2, 150.42  cu.  in  =1.2445  cu.  ft.  (1  British  bushel  =  8  Imperial  gal. 
=  2,218.192  cu.  in  =  1.2837  cu.  ft.). 

Circular  Measure.  60  seconds  =  1  minute;  60  minutes  =  1  degree;  90 
degrees  =1  quadrant  =  i  circumference 

Board  Measure  (B.  M.).  No.  of  feet  board  measure  =  length  in  feet.X 
width  in  feet  X  thickness  in  inches. 

METRIC    MEASURES. 

The  following  prefixes  are  employed  for  subdivisions  and  multiples: 
Milli  =  0.001,  Cent! -0.01,  Deci  =  0.1,  Deca=10,  Hecto=100,  Kilo=  1,000, 
Myria=  10,000. 

Length.  1  meter  =  39.3701 13  in.  =  3.28084  ft.  1  kilometer  =  3, 280.843 
ft. =0.62137  mile.  1  inch  =  2.54  centimeters  (cm.)  =  25.4  millimeters.  1 
foot  =  0.3048  meter  =  30.48  cm.  1  mile  =  1.6093  kilometers  =  1609.3  meters. 

Surface.  1  square  cm.  =  100  sq.  mm.  =0.155  sq.  in.  1  sq.  meter  (m.)  = 
10.764  sq.  ft.  1  are  =100  sq.  m.  1  hectare  =  100  ares  =  10,000  sq.  m.  = 
2.4711  acres.  1  acre  =  0.4047  hectare.  1  sq.  mile  =  259  hectares.  1  sq. 
ft.  =0092903  sq.  m.  1  sq.  in.  =  6.4516  sq.  cm. 

Volume.  1  stere=l  kiloliter=l  cu.  meter  =  35.3148  cu.  ft.  1  liter  (1.) 
=  1  cu.  decimeter  =  61. 024  cu.  in. =0.2642  gal.  (U.  S.).  1  gal.  (U.  S.)- 
3.7854  liters.  1  cu.  cm.  =0.061  cu.  in. 

Weight.  1  gram  (or  gramme)  =  15.432  grains.  1  kilogram  (kg.)  — 
2.20462  Ib.  avoirdupois.  1  metric  ton  =  1,000  kg.  =  2,204.62  Ib.  1  grain - 
0.0648  gram.  1  Ib.  =0.4536  kg. 

Pressure  and  Weight.  1  Ib.  per  sq.  in.=  0.070308  kg.  per  sq.  cm. 
1  kg.  per  sq.  cm.  =  14.223  Ib.  per  sq.  in.  =  1  metric  atmosphere.  1  atmos- 
phere (14.7  Ib.  per  sq.  in.)  =  2, 116.3  Ib.  per  sq.  ft.  =  33.947  ft.  of  water - 
30  in.  of  mercury  (762  mm.)  at  62°  F.  1  Ib.  per  sq.  in.  =  27.71  in.  of  water 
-2.0416  in.  of  mercury  at  62°  F. 
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Squares  and  Cubes  of  Numbers.     Circumferences  and  Areas  of 
Circles. 
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67 
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314432 

213.63 
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3739.28 

70 

4900 

343000 

219.91 

3848.45 

71 

5041 

357911 

223.05 

3959.19 

72 

5184 

373248 

226.19 

4071.50 

73 

5329 

389017 

229.34 

4185.39 

74 

5476 

405224 

232.48 

4300.84 

75 

5625 

421875 

235  .  62 

4417.86 

76 

5776 

438976 

238.76 

4536.46 

77 

5929 

456533 

241.90 

4656.63 

78 

6084 

474552 

245.04 

4778.36 

79 

6241 

493039 

248.19 

4901.67 

80 

6400 

512000 

251.33 

5026.55 

81 

6561 

531441 

254.47 

5153.00 

82 

6724 

551368 

257.61 

5281.02 

83 

6889 

571787 

260.75 

5410.61 

84 

7056 

592704 

263.89 

5541.77 

85 

7225 

614125 

267.04 

5674.50 

M 

7396 

636056 

270.18 

5808.80 

87 

7569 

658503 

273  .  32 

5944.68 

88 

7744 

681472 

276.46 

6082.12 

89 

7921 

704969 

279.60 

6221.14 

90 

8100 

729000 

282.74 

6361.73 

91 

8281 

753571 

285.88 

6503  .  88 

92 

8464 

778688 

289.03 

6647.61 

93 

8649 

804357 

292.17 

6792.91 

94 

8836 

830584 

295.31 

6939.78 

95 

9025 

857375 

298.45 

7088.22 

96 

9216 

884736 

301.59 

7238  .  23 

97 

9409 

912673 

304.73 

7389.81 

98 

9604 

941192 

307.88 

7542.96 

99 

9801 

970299 

311.02 

7697.69 

100 

10000 

1000000 

314.16 

7853.98 

Square  and  Cube  Root  by  Approximation.  From  above  table  take 
n  whose  cube  or  square  is  nearest  the  number  of  which  the  root  is  desired. 
For  square  root,  divide  the  number  by  n,  obtaining  the  quotient  r»i ;  take 
(n  +  n\)-i-2  (=n2)  for  a  new  divisor,  obtaining  713  as  a  quotient;  take 
(n2  +  ri3)-=-2  for  a  new  divisor  and  continue  process  until  divisor  and  quo- 
tient are  alike,  or  to  the  required  accuracy. 

For  cube  root,  divide  the  number  by  n2,  obtaining  quotient  n\ ;  take 
/2n  +  m\2         „  ,  ...  .   .  .  .     /Swj  +  HsX1 

( — ^ — )  =»n22  for  a  new  divisor,  obtaining  quotient  713;  take! 5 — ) 

for  a  new  divisor  and  continue  process  until  (2nx -I- njt-f.i)-J- 3 -» quotient. 

Compound  Interest.  a  =  c(l  +  p)n,  where  «  =  amount,  c=- initial  capi- 
tal, p  =  rate  ner  cent  in  hundredths,  and  n  =  number  of  years. 

Binomial  Theorem. 

.... 


M  \THK\l\li 


Arithmetical  and  Geometrical  i*n>i;rrs-.j.in.     !.•••  >i    '•  •  ---m  pf 

la-t    term,  tl 

Anili.  1'rotf.  i.  'i      number  of  terms,  a      sum  of  all  the  term-,  r      ratio  of  any 
iivided  hy  preceding  o  'or  Arithmetical 


'•-a-f-(n—  Da1-  —  —  a; 


i 
I-  <  >r  Geometrical  series,   o  =-  or""1  — 


Sinking  Fund  for  Depreciation  and  Renewal.    «  =  a(rn  —  l)  +  (r—  1), 
where  «  is  the  fund  or  amount  to  be  aoeumulated  in  n   years,  and  r=  1  plus 
the  rate  per  cent   of  interest    to  he  compounded  annually,  the  rate  \x-\i\g 
-ed  in  hundredth*.      Kxarnple.   A  certain  machine  costing  $1,000  (») 
will  need  t<>  ho  replaced  by  a  new  one  costing     the  -ame  amount  at  tt  • 
of  10  years  (n).      What  .-urn  must  be   paid   into  a  sinking  fund  at    tl 
of  each  year  to  amount  to  $1,000  at  the  end   of  the  tenth   year,  i; 
being  compounded  at  the  rate  of  5  per  cent  ?    1  ,000  =  a<  1  .0510  —  1  )  -5-  (  1  .05  -  1  ), 
and  a,  or  the  annual  amount  to  be  placed  in  the  fund,  =$79.50. 

Interpolation.     Where  a  value  intermediate  to  two  values  in  a  table  is 
desired,  the  following  formula  may  be  employed.     Value  desire.  i, 
n(n-l)c    ,n(n-l)(n-2)d 

1-2-  1.2.3  +V 

Let  N,  N\,  N2  and  A'3  be  four  numbers  (equally  spaced)  whose  tabular 
functions  are  <7,  <i\,  u?  and  u3.     Then,  in  above  formula  to  find  a»,  the  tabu- 

lar function  of  Nz  (lying  between  ^V  and  A^),  n  =  ^.z~  ... 

^Vi  —  N 

fc  =  the  first  of  the  first      order  of  differences, 
r=  "  "    second     ' 

<f=-  "  "    third  ,  etc. 

Example.     The  chords  of  30°,  32°,  34°  and  36°  are  0.5176,  0.5513,  0.5847 
and  0.6180,  respectively.     Find  the  chord  of  31°. 

a  n\  <ii  <7.i 

0.5176  0.5513  o.f,M7  0.». 

6=-     0.0337  0.0337  Om'M 

r=  -0.0003  -0.0003  -O.OOO1 

d=     0.0002  0.0002 

n-  (3  1-30)  +  (32  -30;      <»..'. 

„.-  QJH76H.QJft.J837)  f  °'5 

=»  0.534  '>. 

Logarithms  (log).     The  hyperbolic  or  Napierian  log  of    any    numlxr 
the   common    log  X  2.3025851.     The   common    log    of   any    Dumber 
e.pials  the  hyperbolic,  log  i  log,.)  X  0.4342945. 

v  Ion  cnn-ists  of  a  whole  part  (the  characteristic)  and  a  decimal  parr 
(the  mantissa).     The  mantissa  or  decimal  part  only  is  (riven  in  the  • 

The  characteristic  of  the  log  of  a  number  is  one  less  than  the  number  of 
figures  to  the  left  of  the  decimal  point  in  the  number. 

Log  3  =  .47712,  log  30  =  1.47712,  log  300  =  2.47712.  etc 

Log  0.3=  -  1.47712,  log  0.03=  -2.47712,  log  0.003=  -3.47712,  etc. 

Any  logarithm  with  a  negative  characteristic  as  —1.47712,  may  be  written 
as  9.47712  -  10.     (The  sum  of  9  and  -  10  being  -  1.) 

Formulas  for  Using  Logarithms,     log  a6  =  log  a  +  log  b. 

log  -^  —  log  a  -  log  b.     log  a*>  —  6  log  a.     log  ^a  = 


TABLE   OF   CHORDS. 


Examples. 
5X4  (using  logs) ;  Log  5  =*   .( 

Log  4»=    .60206 


Sum    =1.30103,  which  is  the  log  of  20,  or  the  result  re- 
quired. 

Multiply  0.5  by  0.04. 

log  0.5    =-1.69897=   9.69897-10 
log  0.04  =  -  2.60206  =   8.60206  - 10 

Their  sum    =  18.30103  -  20  =  -  2.30103,  or  the  log  of  0.02. 
For  0.5  +  0.04,  diff.  of  logs  =    1.09691-   0  =  log  of  12.5. 
Find  nth  root  of  0.09. 

log  0.09=  -2.95424  =  8.95424-10 

divided  by  n  (say  2)  -4.47712-5=  -1.47712,  or  log  of  0.3. 
Raise  0.3  to  nth  power. 

log  0.3= -1.47712  =   9.47712-10 
multiplying  by  n  (say  2)  =  18.95424-20=  -2.95424 -log  0.09. 

Log  *  =  .49715,     'og  —  =  -  1.50285,     log  **  =  .9943, 
log  V7=  .248575.          x  =  3.1415926536  +  . 


TABLE    OF    CHORDS. 


Deg. 

Chd. 

Deg. 

Chd. 

Deg. 

Chd. 

Deg.   Chd. 

Deg.   Chd. 

2 

.0349 

20 

.3473 

38 

.6511 

56    .9389 

74   1  .  2036 

4 

.0698 

22 

.3816 

40 

.6840 

58    .9700 

76   1.2313 

6 

.1047 

24 

.4158 

42 

.7167 

60   1.0000 

78   1  .  2586 

8 

.1395 

26 

.4499 

44 

.7492 

62    .0301 

80   1.2856 

10 

.1743 

28 

.4838 

46 

.7815 

64    .0598 

82   1.3121 

12 

.2090 

30 

.5176 

48 

.8135 

66    .  0893 

84   1.3383 

14 

.2437 

32 

.5513 

50 

.8452 

68    .1184 

86   1.3640 

16 

.27^ 

34 

.5847 

52 

.8767 

70    .1471 

88   1.3893 

18 

.3129 

36 

.6180 

54 

.9080 

72  [   .1756 

90  1  1.4142 

1 

MENSURATION. 
AREAS    OF    PLANE    FIGURES  (A). 

Triangles.     Take. as  base  any  side  which  will  be  intersected  by  a  per- 
pendicular let  fall  from  vertex  of  opposite  angle.     Length  of  base  =  b,  length 


-  -^  A/  a-  -  ( 


°  +2b    C 


of  side  to  the  left  =  a  ,  side  to  right  =  c.     Then  A 

t/i  -T-  2,  where  h  =  length  of  perpendicular. 

Trapezoid.  If  a,  b  and  /i  =  lengths  of  parallel  sides  and  perpendicular, 
respectively,  A  =  Q.5h(a  +  b). 

Circle.     (r  =  radius,  d  =  diameter)  A  =7rr2  =  *&*-  4.     Circumf.  =  j«f. 

Sector  of  Circle.     A  =0.5rX  length  of  arc  =  0.008727r2X  degrees  in  arc. 

Segment  of  Circle.  A=0.5[6r-c(r-A)].  6  =  arc,  c  =  ba*e,  A  =  height 
at  center  of  base. 

Ellipse.  Equation  referred  to  axes  through  center:  a2j/2  +  62.r2  =  a2&*, 
where  a  =  semi-minor  axis,  b  =  semi-major  axis  and  x  and  y  are  the  abscissa 
and  ordinate  of  any  point  on  the  perimeter.  A  =  itab.  Length  of  perimeter 
-2  -4  1  -6\« 


Parabola.     Equation,  origin  at  vertex:  j/2  -I'/'r,  whi-n-  :_'/>  is  the  parame- 
ter, or  double  ordmate  through  focus.     Area  of  any  portion  from  vertex  — 


M  \Ti: 


ll.vprrliola. 

lold.       l.«-nKth  of  i-urv.-       4  time-  .ham. 

—  3     ' 
Ar«-a  of  \n\  irn-iciihir  I-  iirnr.-.     SlmpMm's  Rule.     Divide  the  length 

of  the  figure  into  an  even  numl.er  of  e.pial  parts  and  erect  ordmate-  through 
the  points  of  division  to  touch  the  Koundary  lin.  '        (—          ~VJrf, 

where  a— sum  of  first  and  la*t  orilinat«-s,  I,     sum  of  even  ordinat<-.«,  r^-num 
of  odd  ordinates  •c\ci-p!iiiK  tn-t  and  la-i  1  and  d      common  di.-tar 
ordinal!-*.      The    Kr«-at»-i    the    nurnU-r   of   di\i-ions    the   greater    will    l*j   the 
accuracy. 

OK   xi  >H{I;K*. 


No. 

0 

1 

2 

3 

4 

5 

0 

7 

s 

9 

Diff. 

10  00000 

00432 

00X60 

01284 

01703 

02119 

02531 

02088 

03342 

03743 

415 

11   04139 

04922 

05308 

05090 

Of,  110 

06819 

071** 

12 

07918 

08279 

08636 

08991  09342 

09091 

10037 

103X0 

10721 

11059 

13 

11394 

11727 

1  2057 

123*5  12710 

13033 

1  335  » 

13072 

139X* 

14301 

14 

14613 

14922 

15229 

15534  15*30 

16137 

10435 

10732 

17026 

17319 

15 

17609'  17898 

18184 

1*109  1*752 

19033 

19312 

19590 

19*00 

20140 

281 

16 

2041220688 

20952  21219  21  1*1 

217  1*  2201  1 

22272 

22531 

17 

23045  23300 

23553  23S05  24055 

24301 

2455  1 

-'1797 

25012 

219 

18 

2552725768 

26007  26245  264X2 

26717 

20951 

27  1  *  4 

274  If, 

27046 

19 
20 

2787528103 
3010330320 

28330 
30535 

28556  28780 
30750  3096:; 

29003  29220 
31175313X7 

29117  29607 
315H7  31806 

32015 

212 

21 
22 

32222  32428 
34242  34439 

32634  32838 
34635  34830 

33041 

35025 

332443311: 

3521*3541, 

34044 

202 
193 

23 

3617336361 

36519  36736  3692237107 

37291 

37475 

37840 

185 

24 

38021  3*202 

38382  3*561  38739 

3*917 

39094 

39270 

39620 

177 

25 

39794  3!HMi7 

101  10  40312  104*3 

40654 

40*24 

40993 

41102 

41330 

170 

26 

41497  41661 

ll*;1,')  !1990  4216) 

12325  424**  42051 

42X13 

27 

43136  43297 

13157  13616  13775 

43933 

44091 

1  121* 

44404 

158 

28 

4471644*71 

45025  45179  15332 

I.'.  1*1 

15637 

157**  45939 

46090 

29 
30 

46240 
47712 

46389 
47857 

46538 
48001 

16687 

48144 

46X35 
48287 

46982 
48430 

4712947276  47422 
1*572  48714148855 

47567 
4X996 

148 

143 

31 

49136  49276 

49415 

49554 

49693 

19*31  19969  50106 

50379 

138 

32 

50515  50651 

507*0 

5092051055 

511*9 

5132251455 

5  1  5x7 

51720 

134 

33 

51851  51983 

52114 

52244  52375 

52504 

52634 

52763 

52*92 

53020 

130 

34 

53403 

53529  53656 

537*2 

5390* 

54033 

54158 

54283 

126 

35 

5  1407  54531 

51054 

54777  54900!55023  55  1  45  55267 

553XX 

55509 

122 

36 

55630  55751 

'.5*7  1 

o5991 

56110 

56229 

5634* 

56467 

56585 

56703 

119 

37 

56820  56937 

57054 

57171 

57287 

57403 

57519 

57631 

116 

38 

57978  58093 

58206 

58320 

58433 

58546 

58659 

5*771 

5X995 

113 

39 

59106 

59218 

59329 

59439 

59550 

5<J060  59770  59879  59988 

00097 

110 

40 

60206 

60314 

60423 

60531 

60638 

607466085360959 

61066 

61172 

107 

41 

61278 

61384 

61490 

61595  61700 

618056190962014 

62118 

62221 

104 

42 
43 

62325  6242* 
63347  6344* 

62531 

0351* 

6263462737  02X39  629!  1  63013  63144  63216 
63649  63749  63X49  63919  0  101*  641  17  64216 

102 
99 

44 

.,1315  61111 

64542 

64640  64738 

64836 

64933 

65031 

0512*  65225 

98 

45 

65321  6511* 

65514 

05610  05706 

05*01 

05*9005992  60O*7 

46 

66276  66370 

66464 

0655*  66652 

007  15 

'.932 

67025  67117 

47 

67210  67332 

67394 

67486  6757* 

67669  67761 

07*52  0791: 

48 

68124  68215 

6X305 

6X395  6*4*5 

I.X..7  1 

t,*t.i,l 

6*,  .':; 

fi**  r_'  t>*!).  \\ 

90 

49 

69020  69108  69197,692*5  69373 

69461 

0951* 

69636 

69723  09*10 

88 

60 

69897 

6998470070 

70157 

70243 

70329 

70415 

70501 

705*6  70672 

51 

70757 

70842  70927 

71012 

71096 

71181 

7126571349  71433  71517 

52 

71600 

7168471767 

71850 

71933  720  If. 

72099721*1 

7226:: 

S3 

53 

72428 

72509  72591 

72673 

7275  1 

72835 

72916 

72997 

7307* 

*1 

64 

73239 

73320  73400  73480 

73560  73640 

73719 

73799  73878 

80 

1 

| 

LOGARITHMS    «.K    N  I'M  HERS. 


LOGARITHMS    OF    NUMBERS     (Continued). 


No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

55 
56 

74036 
74819 

7411574194 

74x«»6  7497-S 

74273 
75051 

74351 

75128 

74429 

74507 
75282 

74.-i.x6 
75358 

74663 

75435 

74741 
75511 

~~78~ 

77 

57 

75587 

75.  it  i4  75740 

75S15 

75x91  75967 

76042  76118 

76193  76268 

75 

58 

76343 

76418  76492 

76567 

76641  707167679076864 

76938|77012 

74 

59 

770S5 

77159  77232 

77305 

77379  77452  77527,  77597 

77670  77743 

73 

60 

77815 

77887 

77960 

78032 

78104 

78176 

78247 

78319 

78390 

78462 

72 

61 

7X533 

78604  78675 

78746 

78817 

78888 

78958 

79029 

79099 

79169 

71 

62 

79239  79309  7937'.) 

79449  795  ix  795XX  79657  79727  79796 

79865 

70 

63 

79934  80003  X0072 

sol  M  0209  0277  xo34i;  soli-!  xo4x2 

80550 

69 

64 

xooix  xo6s6  si  1754 

si  j.s2  1  i  iss'.i  I  )9.-)ti  s  1  (  123  X  !  1  191  1  x  1  1  5x 

81224 

68 

65 

S1291  si.  TIN  M  1-"'  M49T  155s  1624  snino  si  757  S1823 

SI.XS9 

67 

66 

xl9r>4  s-_>i!Li;  s2i)sii 

XL'  1  5  1  22  1  7  22x2  S234  7  x24  !  3  M'  4  7x 

82543 

66 

67 

82607J82672  X2737 

x2x02  2Xi  iti  29:i(  S2995  S305tt  83123 

S3  1  X7 

64 

68 

83251  83315  83378  S3  142  3506  83569 

x.i  (  '.3  2  S3696  83759 

X3X22 

63 

69 

8388583948184011 

84073  84136 

84198 

84261 

84323  84386 

84448 

63 

70 

8451084571' 

84696 

84757 

84819 

84880 

84942 

85003 

85065 

62 

71 

85126  85187 

85248  85309 

85370 

85431 

85491 

85552 

85612 

85673 

61 

72 

x:,733  xr>794 

s.-,s.->  i 

85914 

85974 

86034 

86094 

86153 

86213 

86273 

60 

73 

S6332  X6392 

X6  45  ! 

X6510 

86570 

S6629 

86688 

86747 

86806 

86864 

59 

74 

X6923  X69X2 

87040  87099 

87157 

87216 

87274 

87332 

87390 

87448 

58 

75 

S750«i  S7564 

87622 

x7oxo 

87737 

S7795 

X7X52 

87910 

87967 

88024 

57 

76 

77 

XXOX1  XS13X 
XX649  XS705 

88196  88252 
88762  88818 

88309 

88874 

s.s.w, 
88930 

88423 
88984 

88480 
8W42 

88536 
89098 

XX.-.93 
89154 

57 
56 

78 

89209  89265 

89321 

89376 

89432 

89487 

89542 

89597 

89653 

89708 

55 

79 

89763J  898  18 

89873  89927 

89982 

90037 

90091 

90146 

90200 

90255 

54 

80 

90309  90363 

90417 

90472 

90526 

90580 

90634 

90687 

90741 

90795 

54 

81 
82 
83 

90849  90902  90956  91009 
91381  914349148791540 
91908  91960  92012  92065 

9106291116 
91593)91645 
92117,92169 

9116991222 
9169891751 
92221192273 

91275 
91803 
92324 

91328 
91855 
92376 

53 
53 
52 

84 

924289248092531 

925X3 

92634  92686 

92737  92788 

92840 

92891 

51 

85 

92942  92993  93044 

93095 

93146 

93197 

93247  93298 

93349 

93399 

51 

86 

934509350093551 

93601 

93651  93702 

93752,93802 

93852 

93902 

50 

87 
88 

93952  94002  1  94052  94101 
94448  94498  94547  94596 

94151  94201 
94645  94694 

94250:94300 
94743  94792 

94349 
94841 

94399 

94890 

49 
49 

89 

94939 

94988:95036  95085 

95134  95182 

95231  95279 

95328 

95376 

48 

90 

95424 

95472  95521 

95569 

95617 

95665 

95713!95761 

95809 

95856 

48 

91 

95904 

95952 

95999 

96047 

96095 

96142 

9619096237 

9628496332 

48 

92 

96379 

96426  96473  96520  96567  O6614 

95661  96708 

96755  96802 

47 

93 

96848 

96895196942 

H69XS  97035  97081 

9712897174 

97220  97267 

47 

94 

97313  97359  97405 

97  151  97497  975-1  3 

975X9  97635  97681  97727 

46 

95 
96 

97 

9777297818 
9822798272 

«i>.ti77  9X722 

97864 
9X3  is 
98767 

97909  97955  98000 
98363  9X40X  OX4.r>3 
98811  9X85698900 

9804698091198137 

9.X49X  9.S543  !»s5x.x 
98945;98989  99034 

9S1.X2 
<>Xfi32 
9907S 

46 
45 
45 

98 

99123  99167 

99211 

99255 

99300  99344 

99388  99432 

99476 

99520 

44 

99 

99564 

99607 

99651 

99695 

99739 

99782 

99826 

99870  99913 

99957 

44 

Note. — The  differences  in  the  last  column  are  mean  values  only.  For 
accurate  values  the  difference  between  any  two  consecutive  values  should 
be  found  by  subtraction. 

SURFACES    (A)    AND    VOLUMES    (V)    OF    SOLIDS. 

Sphere.     A  =  4^2  =  *R     F-V^f  -  0.5236d3. 

Ring  of  Circular  Cross-si-Hiim.  ->  9.sr,96IM.  Vf  =  2.4674Dd2.  O>- 
outside  diameter— d;  d^diam.  of  cross  section.)  . 


s 


S«'KiiM-nt    of  Sphere.        1       -'-/•/,      are:i  «.f  haw  +  irA2  (A  -->heightX 

_      "-  «*•('-?)• 

Cone.     A-*rVVa  +  *a.     F  =  0.-'»l^  /  '     '<     v,-rt.  h.-ight). 
Conic  Frustum.     A--|(D+c/)  Y  slant  height,  A. 


Cylinder.     V'-^0.7854</a/j.     (^/  is  the  revolving  axis  of  cyl  :m<i<i 
Ellipsoid.     K  =  0.5236£d2.      Paraboloid.      V      1  57 

Pyramid.     V=      Xarea  of  base. 

Frustum  of  Pyramid.     V  =  —  (A+a  +  "^Aa)  (A  and  a  -areas  of  bases). 


TRIGONOMETRY 
G 


Fig.  1. 


Functions  of  the  angle  BOE(=x).     EB  =  sine,  OE  =  cosine,  EA  = 
sine,  GC  =  versed  cosine,  AD  =  tangent,  GF  =  cotangent,  OZ>  =  secant,  iff- 
cosecant. 

Formulas.     (A,  B  and  C  are  angles.) 


;  cot  A 


cos  A 
sin  A' 


sec  A 


1 

cos  .-1 


;  cosecA 


cos  A'  sm  A'  cos^l  >m.-i 

sin2  A  +  cos2  A  =  1 ;  versin  A  =  1  —  cos  A ;  covers  A  =  1  -  sin  A . 
sin  (A  ±5)  =  sin  A  cos  B±cos  A  sin  7?. 
cos (A±B)=  cos  A  cos  B T sia  A  sin  B. 

sin  A=2sinYcos-2"     cos  A  =  cos2  ~2  ~ sin2  "2~* 
l-cosA=2sin2:j-     1+cos  A  =2  cos2 y. 

tan  A  =2  tan  ^--^-[1— tan2  Y].     sin  A  +  cos  A  =  sin  (~ 

cos  A  -sin  A  =sin  (-|  -A)  v/27     -1  "^     =  tan  A  tan  ^ 

tan  (A  ±  B)  =[tan  A  ±  tan  B]-5-[l  =F  tan  A  tan  B]. 
cot  (A  ±B)  -=[cot  A  cot  7? T  l]^-[cot  A  ±cot  5]. 

sin  Aisin  B-2sin  ^^  cos  ^ 

cos  A+cos  B 

•     A+B    .     A-B 

cos  A  —cos  fi  =  —  2  sm  — ^ —  81n  — 2 — * 
sin  A  sin  73  =  4  cos  (A  —  B)  —  4  cos  (.4  +£(). 

MII  .1  cos  7?  =  4  sin   (.4 +  7?) +  4  sin  (A- 

BIII  3.4  =3  sin  A  -4  sin3  .4.         cos  3.4  =  4  cos3  A  —  :< 

(cos  A  ±i  sin  A)n  =cos  nA  ±t  sin  nA  (i 


- — . 

A     i      D  J    D 

2  cos  — —  cos  ~ — * 


NATURAL   TRIGONOMETRICAL   FUNCTIONS. 


If  A  +  B  +  C  =  180°  =  it  (the  three  angles  of  a  triangle),  then 

A  R  ( 1 

sin  A  +  sin  B  +  sin  C  =  4  cos  -5-  cos  —  cos  — . 

A  ft  C1 

cos  A  +cos  5  + cos  C  =  l  +  4  sin  —  sin  —  sin  -^-. 

2,  £  £ 

tan  A  +  tan  B  +  tan  C  =  tan  A  tan  £  tan  C. 

NATURAL    TRIGONOMETRICAL    FUNCTIONS. 


Degs. 

Sine. 

Tangent. 

Degs. 

Sine. 

Tangent. 

0 

.00000 

.00000 

90 

46 

.71934 

.  03553 

44 

1 

.01745 

.01746 

89 

47 

.73135 

07237 

43 

2 

.03490 

.03492 

88 

48 

.74314 

:  11061 

42 

3 

.05234 

.05241 

87 

49 

.75471 

.  15037 

41 

4 

.06976 

.06993 

86 

50 

.76604 

.19175 

40 

5 

.08716 

.08749 

85 

51 

.77715 

.  23490 

39 

6 

.  10453 

.10510 

84 

52 

.78801 

.  27994 

38 

7 

.12187 

.  12278 

83 

53 

.  79864 

.  32704 

37 

8 

.13917 

.  14054 

82 

54 

.80902 

.  37638 

36 

9 

.  15643 

.  15838 

81 

55 

.81915 

•42815 

35 

10 

.  17365 

.  17633 

80 

56 

.82904 

.  48256 

34 

11 

19081 

.  19438 

79 

57 

.83867 

.  53987 

33 

12 

.20791 

.21256 

78 

58 

.84805 

.60033 

32 

13 

.  22495 

.  23087 

77 

59 

.85717 

.66428 

31 

14 

.24192 

.  24933 

76 

60 

.  86603 

.  73205 

30 

15 

.  25882 

.  26795 

75 

61 

.87462 

.  80405 

29 

16 

.  27564 

.28675 

74 

62 

.88295 

.  88073 

28 

17 

.  29237 

.  30573 

73 

63 

.89101 

1.96261 

27 

18 

.30902 

.  32492 

72 

64 

.89879 

2.05030 

26 

19 

.32557 

.  34433 

71 

65 

.90631 

2.14451 

25 

20 

.  34202 

.36397 

70 

66 

.91355 

2.24604 

24 

21 

.  35837 

.  38386 

69 

67 

.92050 

2  .  35585 

23 

22 

.37461 

.40403 

68 

68 

.92718 

2.47509 

22 

23 

.39073 

.  42447 

67 

69 

.93358 

2  .  60509 

21 

24 

.  40674 

.  44523 

66 

70 

.  93969 

2  .  74748 

20 

25 

.  42262 

46631 

65 

71 

.  94552 

2.90421 

19 

26 

.  43837 

.  48773 

64 

72 

.95106 

3.07768 

18 

27 

.  45399 

.50952 

63 

73 

.  95630 

3.27085 

17 

28 

.46947 

.53171 

62 

74 

.96126 

3.48741 

16 

29 

.  48481 

.55431 

61 

75 

.96593 

3.73205 

15 

30 

.  50000 

.  57735 

6D 

76 

.97030 

4.01078 

14 

31 

.51504 

.60086 

59 

77 

.  97437 

4.33148 

13 

32 

.52992 

.  62487 

58 

78 

.97815 

4.70463 

12 

33 

.54464 

.64941 

57 

79 

.98163 

5.14455 

11 

34 

.55919 

.67451 

56 

80 

.98481 

5.67128 

10 

35 

.57358 

.70021 

55 

81 

.98769 

6.31375 

9 

36 

.58779 

.72654 

54 

82 

.99027 

7.11537 

8 

37 

.60182 

.  75355 

53 

83 

.  99255 

8.14435 

7 

38 

.61566 

.78129 

52 

84 

.  99452 

9.51436 

6 

39 

.  62932 

.80978 

51 

85 

.99619 

11.43005 

5 

40 

.  64279 

.83910 

50 

86 

.99756 

14.30067 

4 

41 

.65606 

.86929 

49 

87 

.90803 

19.08114 

3 

42 

.66913 

.90040 

48 

88 

.99939 

28  .  63625 

2 

43 

.  6.S200 

.  93252 

47 

89 

.99985 

57.28996 

1 

44 

.69466 

.  96569 

46 

90 

1.00000 

Infinite 

0 

45 

.70711 

1.00000 

45 

Cosine. 

Cotangent 

Degs. 

Cosine. 

Cotangent. 

Degs. 

For  intermediate  values  reduce  angles  from  degrees,  minutes  and  seconds 
to  degrees  and  decimal  part  of  a  degree  (e.g.,  46°  21'  30"  =  46.3583°)  and 
employ  interpolation  formula. 


CHF.MICAI.    DATA. 


Atomic    Wrights  and  Symbols  of  Klrrnents. 


Aluminum.  .  .        

\| 

M<  >l  vbdi-n  urn.  . 

\l 

95  3 

9b 

1  1  '.»  :< 

.  llliuMl 

A 

'M  »; 

19  9 

Arsenic.      .             ... 

74.4 

-1  

\i 

Barium      .  . 

§• 

i:<i;  4 

N'it  rogen.  .  . 

'    \ 

Bismuth  
H,,ror)    .                

Hi 
B 

20i;    <» 

10.9 

1  >~miiim  
,/cn.  .  . 

...   Os 

o 

Br 

79  36 

Palladium 

Pd 

Cd 

111  6 

p 

(  ':t-ium  
(  ''ilrium 

Cs 
Cfl 

132 
39  8 

Platinum.. 

Pi 

K 

i  {«  .  :•! 

Carbon  

C 

11.91 

I'ra-i'od  vrnium 

Pr 

139  4 

Cerium.  .  .          

C* 

139 

im 

Ha 

22:<  :i 

Cl 

35  18 

Hh 

!()•'    •' 

Chromium  
Cobalt  .     . 

Or 

Co 

51.7 
58  56 

I'ubidium  
It  nt  henium 

.    .    Kb 

an 

84.8 
100  9 

Co  1  u  m  b  i  u  m  (Nio- 
bium)   
Copper  ... 

Cb 
CM 

93.3 
63  1 

Samarium  
Scandium  
Selenium 

.  .  .  Sm 
...  Sc 
Se 

148.9 
78  6 

E 

164  8 

Silicon 

Si 

28  2 

Fluorine.  .          

F 

18.9 

Silver 

Ag 

107   12 

Gadolinium  
Gallium  

Gd 
Gn 

155 

»>9  .  r, 

Sodium  
Strontium.  .  .    . 

::  N! 

Sr 

22.88 

Germanium  
G  1  u  c  in  u  m    (Beryl- 
lium)   

Ge 
Gl 

71.9 
9.03 

Sulphur  
Tantalum  
Tellurium.  .  .  . 

..   S 
..    Ta 
Te 

31.83 
181.6 

i_'»;  »; 

Gold  
Helium  

Au 
He 

195.7 
4 

Terbium  
Thalium  

Tl 

158.8 

Hydrogen.  .  .     .         ... 

H 

1.00 

Thorium.  .  .  . 

Th 

230  8 

In 

113   1 

Thulium 

Tm 

!'.<»   7 

Iodine 

I 

125  9 

Tin 

Sn 

118.1 

Indium  
Iron  
Krypton  

Ir 
Fe 
K 

191.5 
55.5 
81.2 

Titanium  
Tungsten  
Uranium.  . 

.  .  .    Ti 
...    W 
.   U 

47.7 

ls2.fi 
236  7 

Lanthanum.  .  . 

T,n 

137  9 

Vanadium 

v 

50  8 

Lead 

Ph 

205  35 

x 

127 

Lithium  

T,i 

6.98 

Ytterbium.  .  . 

Vb 

171   7 

ME 

24  18 

V  1  1  riurn.  .  . 

Yt 

88  3 

Manganese  

Mn 

54.6 

Zinc  

.    Zn 

64  9 

Mercury  

Hg 

198.5 

Zirconium  

...    Zr 

89.9 

Calculation    of    the    Percentage    Composition     of    Substan««-N. 

(1)  Add  together  the  atomic  weights  of  the  elements  to  obtain  the  moler 
ular  weight  of  the  compound.  (2*  Multiply  the  atomic  weight  of  the 
element  to  be  calculated  by  the  number  of  atoms  present  (as  indicated  by 
the  subscript  number)  and  by  100,  and  divide  by. the  molecular  weight  of 
the  compound. 

Example.      Find   the  percentage  of  sulphur  in   sulphuric   acid   (HaSO*). 

H2     +     S     +     O4 

(IX 2) +3 1.83 +  (15.88X4)  =97.35,  or  the  molecular  weight.  3183  +  97.35 
=  32.59,  or  the  percentage  of  sulphur  in  the  :i"id. 

Weights  of  Gases.  Avogadro's  law:  "In  equal  volumes  of  all  gases 
there  are  the  same  number  of  molecules."  It  follows  from  this  law  that 
the  weights  of  equal  volumes  of  all  gases  are  proportional  to  their  molec- 
ular weights. 

The  molecular  or  formula  weight  in  grams  of  any  gas  occupies  22.4  liters 
at  0°  C.  and  760  mm.  pre»un-. 

Example.  Find  the  weight  of  one  liter  of  carbon  dioxide  (CO?).  Molec- 
ular wt.  of  CO2=H.91-H  15.88X2)  -43.67.  /.  43.67  grams  =  22. 4  liters, 
or  1  liter  weighs  1.95  grams. 

(1  cu.  ft.  =  28.317  liters;  1  liter  =  0.03532  cu.  ft.;  1  Ib.  =453.5924  gran,- ; 
1  gram  =  0.0022046  Ib.) 
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MATERIALS. 


Cast  Iron  (C.  I.).  Sp.  gr.  =  7.21;  wt.  per  cu.  in. -0.261  Ib.  Fusing 
point  of  white  iron  =  1,962°  F.;— gray  iron,  2,192°  F.  Chemically  com- 
posed of  iron  (Fe),  carbon  (C)  (graphitic  and  combined),  silicon  (Si),  phos- 
phorus (P),  sulphur  (S)  and  manganese  (Mn).  Contains  3.5  to  4%  of 
total  carbon,  the  hardness  of  castings  varying  directly  with  the  amount  of 
combined  carbon.  Si  (from  0.5  to  3.5%)  produces  softness  and  strength 
proportional  to  amount  contained.  (Best  at  1.8%.)  S  beyond  0.15%  is 

Srejudicial,  producing  blow-holes  and  brittleness  when  hot.  P  promotes 
uidity  but  causes  brittleness  when  in  excess  of  1%.  Mn  assists  the  car- 
bon in  combining  and  confers  the  property  of  chilling.  It  should  not  ex- 
ceed 1%. 

Wrought  Iron  (W.  I.).  Sp.  gr.  =  7.78;  wt.  per  cu.  in.  =  0.282  Ib.  Con- 
sists of  over  99%  pure  iron -1-0.3%  combined  carbon +  0.14%  each  of  S, 
Si  and  P. 

Steel.  Cast  steel,  sp.  gr.  =  7.92;  wt.  per  cu.  in.  =0.286  Ib.  Forged  steel, 
sp.  gr.=  7  82;  wt.  per  cu.  in.  =0.283  Ib.  Fusing  point  =2  500  to  2,700°  F. 

Temper  (or  content  of  carbon).  Castings,  0.3  to  0.4%;  forcings,  0.25 
to  0.3%:  chains.  0.15  to  0.18%;  laminated  springs.  0.4  to  06%;  boiler 
plates,  0.17  to  0.2%;  same,  for  welding,  0.15  to  0.17%;  tool  steel,  up  to 
1.35%. 

Manganese  Steel  (containing  14%  Mn)  has  double  the  strength  of  ordi- 
nary steel  combined  with  great  hardness. 

Nickel  Steel  (3  to  5%  Ni)  has  30%  greater  tenacity  and  75%  greater 
elastic  strength  than  ordinary  mild  steel,  along  with  equal  ductility.  Har- 
veyized,  for  ship  armor,  it  offers  the  same  resistance  with  43%  less  weight. 

Chrome  Steel  (0.4%  C+1%  of  Chromium  (Cr)-h2%  Ni)  is  of  extreme 
hardness  (self-hardening)  and  is  used  for  safe  walls,  projectiles,  and  cutting 
tools. 

Tungsten  Steel  (Mushefs)  is  a  self-hardening  steel  for  tools,  shells,  etc. 
(1.70%  v,  +  0.<*2%  Si+0.25%  Mn  +  8.5%  TungsUn 


Copper  (Cu).  So.  gr.  =8  878  (wire  and  rolled) ;  wt.  per  cu.  in.  =  0.321  Ib.; 
fusing  ooint=  1,950°  F.  Zinc  (Zn).  Sp.  gr.  =  6.86  (cast);  wt.  per  cu.  in.  = 
0248  lb.;  fusing  point  =787°  F.  Tin  (Sn).  Sp.  gr.  =  7  3;  wt.  per  cu.  in.= 
0.264  lb  ;  fusing  point  =  446°  F.  Aluminum  (AD.  Sp.  gr  =2  56  (cast) 
and  2.68  (rolled);  wt.  per  cu.  in  =0.092  lb.  (cast)  and  0097  lb.  (rolled). 
Fuses  at  1,213°  F. 

Mercury  (Hg).  Sp.  gr  =  13.619  (at  32°  F  )  and  13.58  (at  60°  F.);  wt. 
per  cu  in.  =0  493  lb  (at  32°  F  )  and  0.491  lb.  (at  60°F.).  Fuses  at  -39°  F. 

Gun  Metal  Bronze  (80  to  90%  Cu  + 20  to  10%  Sn)  Strong  and  tough 
Increasing  the  content  of  tin  increases  the  hardness  Phosphor  Bronze 
(85%  Cu+15%  Sn+05  to  0.75%  P)  has  the  toughness  of  W  I  Man- 
ganese Bronze  (81%  Cu  +  12%  Sn  +  7%  Mn)  is  even  stronger  Silicon 
Bronze  (Cu  +  3  to  5%  Si)  has  a  breaking  stress  of  55,000  to  75.000  lb.  per 
sq.  in. .but  at  and  around  5%  Si,  is  brittle.  Aluminum  Bronze  (Cu  +  5 
to  11%  AD  has  a  slightly  greater  strength.  Brass  (60  to  70%  Cu  +  40  to 
30%  Zn).  Babbitt  (89.3%  Sn  +  3.6%  Cu  +  7  1%  Sb  (antimony)). 

Alloys.     (E.  A.  Lewis.  Engineering,  3-31-05.) 

Cu.  Sn.       Zn.       Pb.         P.  Si. 

For  steam  or  gas  pressure. ...   87  9          2  2 

'    hydraulic  pressure 86  12          2 

' '    bearings 84  8  8 

Phosphor-bronze. 84  14  2          0.05 

Copper  castings 99.75  0.25 

11 
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MATERIALS. 


Delta    >l«-tal     92.43    Cu  I  J  -^'  ,'    Eh   •  •"•-"•;,   IM>  -load)). 

Magnolia   Mn  il  I  ,,i,m   UronzrCilK;   - 

<>.:»'•;,  ri,  »  ;<\  r  ,  /„•      s.,id».r.  W    I  .. 

.'Ill      I    ,  an.  I  L'U  Sn  I   1    IMi  (for  aluminum.  at   560     I  , 


>V<m»l-. 


<:r.  and  \\Viehi-  per  di.   It. 


Ash.  .. 

Sp.  Gr. 
.   0.72 

\V. 
45 

Kir.  .  . 

S,, 
.   0 

dr. 
59 

Wt. 
37 

K<-<1  Oak.  . 

SP. 

o 

C,r. 
74 

\\r 
46 

K«-«M-h  

Birch.  . 

.      .73 
65 

If, 
41 

Hickory.  .  . 

Hemlock 

77 
38 

48 
24 

White  Pine 
Yellow  I'inc 

45 
61 

38 

<V.t:u-  .  .  . 
Klin.  . 

.      .62 

.61 

39 
38 

IfepV 

White  Oak. 

(is 
.77 

42 

48 

P'.plar.  .  .  . 
Spruce. 

48 
16 

28 

Stones  and  Miscellaneous  Building  Materials. 


Asbestos  
A.sphaltum.  .  .  . 

Sp.  Gr. 
..   3.07 
1  39 

Wt. 
192 
87 
100 
135 
140 
120 
60 
78 
80 
165 
in  Ibs 

Graphite.  .  . 

i 

Sp.  Gr. 
..    2.16 
2  64-2  93 

Wt. 
135 
164-183 
170-200 
160-180 

165 

58.4 
122 
150 
180 

Brick  (com.)  
(pressed)  
(fire) 

.      1.6 
.      2.16 
2  24 

Limestone.  . 
.Marble  
Mica 

.    2.7-3.2 
..    2.56-2.88 
..   2.8 
.  .   2.64 
0  933 

Clay  
Cement,  Rosendale.  . 
Portland.  .  .  . 
Earth  (loose).  .  .  . 

1.92 
.      0.96 
.      1.25 
1  28 

Quartz.  .  . 
Rubber 

Sand  
Sandstone.  . 
Slate 

..    1.9 
.   2.4 
2  88 

Granite.  .  .  . 

2  6 

(Wts. 

.  per  cu.  ft.) 

Weight  of  Rods,  Bars,  Plates,  Tubes,  and  Spheres  of  Metals. 


Material. 

Cast  Iron  
Wrought  Iron. 
Steel  

Lbs. 
per 
cu.  ft. 

450 
480 
489.6 
552 

523.2 
166.5 

Square 
liars, 
Ibs.  per 
lin.  ft. 

3.'333*82 
3.4*2 
3  .  833*2 

3.633*2 
1  .  156*2 

Flat         Round       Plates, 
Bars,         Rods, 
Ibs.  per     Ibs.  per      Ibs.  per 
lin.  ft.        lin.  ft.         sq.  ft. 

S  i~         2.454rf2     37.5* 
35.0        2.618J2     40* 
3  CM        2.670d2     40.8* 
•|vr=2     3.010rf2     46* 

"§,2  11     2.  853<f2      43.6* 
£               0.908d2      13.875* 

Spheres, 
Ibs. 

0.1363<f3 
0.1455<f3 
0.1484rf3 
0.1673<f3 

0.1586J3 
0.0504J3 

Copper.  ...... 
Brass  (65  Cu  + 
35  Zn)  
Aluminum.  .  .  . 

For  tubes,  multiply  numerical  coeff.  for  round  rods  by  (d2  —  d\2). 
For  hollow  spheres,  multiply  numerical  coeff.  for  spheres  by  (d3  —  rfi3). 
«  =  side  of  square,  6  =  breadth,  *  =  thickness,  d  =  external  diam.,  d\=  inter 
nal  diam.,  all  in  inches. 

Weight  of  Square  and  Round  Wrought  Iron  Bars  In   Lbs.  per 
Lineal  Foot. 

«  or 
d. 


Rd. 

Sq. 

*  or 
d. 

Rd. 

Sq. 

«  or 
d. 

Rd. 

Sq. 

.010 

.013 

H 

1.237 

1.576 

If 

6.913 

8.802 

.041 

1 

1.473 

1.875 

1} 

8.018 

10.21 

.092 

.'117 

4 

1  .  728 

2.201 

l{ 

9.204  - 

11.72 

.164 

.208 

! 

2.004 

2.552 

2 

10.47 

13.33 

.256 

.326 

« 

2.301 

2.930 

2* 

13.25 

16.88 

.368 

.  4<i9 

i 

2.618 

3.333 

2* 

16.36 

20  .  S3 

.501 

.638 

u 

3.313 

4.219 

2f 

19  8 

25.21 

.654 

.833 

4.091 

5.208 

3 

23.56 

30 

.828 

1.055 

if 

4.95 

6.302 

3* 

32.07 

40.  S3 

1.023 

1.302 

i* 

5.89 

7.5 

4 

41.89 

53.33 

(«  =  side  of  sq 

in  in. 

</  -.Ham.  in  in. 

) 
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Weight  of  Flat  W.  I.  Bars  (1  in.  wide)  in  Lbs.  per  Lineal  Foot. 

Thick-      Lbs.  Thick-      Lbs  Thick-       Lbs 

ness.  ness.  ness. 

.208  &          1.46  I           2.50 

.417                   *          1.67  ft          2.71 

.625  A          1.88  *           2.92 

.833                   i          2.08  if          3.13 

1.04  H          2.29  1              3.33 

1.25  Thickness  in  in.  For  steel  add  2%. 

Weight  of  I ron.  Steel,  Copper  and  Brass  Sheets  per  Square  Foot. 

Lbs.  per  sq.  ft.  =  thickness  in  inches  (obtained  from  gauge  tables)  X40, 
40.8,  46,  or  43.6  respectively. 

Corrugated  and  Flat  Iron.     Lbs.  per  Sq.  Ft. 

Thickness     Flat,         Corr.,  Thickness     Flat,         Corr., 

in  in.  Ibs.  Ibs.  in  in.        Ibs.  Ibs. 

.065  2.61         3.28  .028         1.12         1.41 

.049  1.97         2.48  .022         0.88         1.11 

.035  1.4  1.76  .018         0.72         0.91 

If  galvanized,  add  0.34  Ib.  per  sq.  ft.  for  flat  plates  and  0.43  Ib.  for  C9r- 
rugated  plates.     End  laps  4  in.  and  6  in.     Side  laps  =  1  corrugation  =  2.5  in. 
Tin  Plates.     (Tinned  sheet  steel.)     Usual  roofing  sizes  are  14X20  and 
20  X  28  (in  inches).     No.  29  B.  W.  G.  weighs  49.6  Ib.  per  100  sq.  ft. ;  No.  27 
weighs  62  Ibs.  per  100  sq.  ft. 

Roofing  Slate.     (1  cu.  ft,  weighs  175  Ib.) 

Thickness  in  in i  &  i  I  i  f  £ 

Lbs.  per  sq.  ft 1.81       2.71       3.62       5.43       7.25       9.06       10.88 

Slates  are  generally  laid  so  that  the  third  slate  overlaps  the  first  by 
3  in.  Sq.  in.  of  roof  covered  by  1  slate  =  0.5b(Z  —  3).  No.  of  slates  required 
for  1  square  (100  sq.  ft.)  =  28,800 -6(Z -3).  (b  and  I  are  breadth  and 
length  in  in.)  Sizes:  6  to  9X12,  7  to  10X14,  8  to  10X16,  9  to  12X8, 
10  to  16X20,  12  to  14X22,  12  to  16X24,  14  to  16X26.  (Increases  by 
steps  of  1  in.) 

Pine  Shingles.  No.  per  100  sq.  ft.  =  3,600 -H  no.  of  inches  exposed  to 
weather.  Wt.  in  Ibs.  of  100  sq.  ft.  =  864-^no.  of  inches  exposed  to  weather. 

Skylight  and  Floor  Glass.     Lbs.  per  sq.  ft.  =  13  X thickness  in  inches. 

Flagging.     Wt.  in  Ibs.  per  sq.  ft.  =  14 X thickness  in  inches. 

Approximate  Weights  of  Roofing  Materials.  (Lbs.  per  100  sq.  ft.) 
1  in.  sheathing:  spruce,  200;  northern  yellow  pine,  300;  southern  yellow 
pine,  400;  chestnut  and  maple,  400;  ash  and  oak,  500.-  Shingles,  200; 
i  in.  slate,  900;  iV  in.  sheet  iron, 300;  do., with  lath,  500;  corrugated  iron, 
100-375;  galvanized  flat,  100-350:  tin,  70-125;  felt  and  asphalt,  100; 
felt  and  gravel,  800-1,000;  skylights  (glass  A-*),  250-700;  sheet  lead, 
500-800;  copper,  80-125;  zinc,  100-200;  flat  tiles,  1,500-2,000;  do.,  with 
mortar,  2,000-3,000;  pan  tiles,  1.000. 

Weight  of  Cast-iron  Pipe  per  Lineal  Foot.  Wt.inlbs.  =  9.8H(rf +  <), 
where  d  and  t  are  the  internal  diam.  and  thickness  of  metal  in  in.  The  wt. 
of  the  two  flanges  =  wt.  of  1  ft.  of  pipe.  For  copper,  multiply  by  1.226; 
for  W.  I.,  by  1.067. 

Weight  of  Cast-iron  Water  and  Gas  Pipes  per  Lineal  Foot. 

Size  in  in 4       8     12       16       20       24       30       36       42       48       60 

Water,  Ibs.  per  ft.  22     42     75     125     200     250     350     475     600     775  1330 
Gas,  '     17     40     70     100     150     184     250     350     383     542     900 

Thickness  of  Cast-iron  Water  Pipes. 

t  =  0.00006(/i  +  230)d  +  0.333  -  0.0033cf, 
where  h  =  head  of  water  in  feet,  t  and  d  are  thickness  and  diam.  in  in. 

Riveted  Hydraulic  Pipe.  (Pelton  Water  Wheel  Co.)  Head  in  feet 
that  pipe  will  safely  stand  =  48,600* -^rf.  Weight  in  Ibs.  per  lin.  ft.  =  cdt. 
c  =  15  for  4  in.  pipe  14  up  to  8  in.  pipe,  13  up  to  12  in.,  12.5  up  to  24  in. 
and  12  up  to  42  in.  pipe. 
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MATERIALS. 


\\roueht-lron  Pipe  Dimensions  and  Threads. 

Internal  Di.itu  InN-nuil   I>i:im. 


I.  S.  Standard. 


•3  • 

u  J           <r>  c 

"os   •                .            o   . 

£  *-        '  = 

.s.s    -3.5 

J2-S 

&*"!       "?'u 

.=.5          -=.=          J2.5 

L-    T: 

He      2c 

O—  '         o—  • 

J:-5 

&£     j!  £ 

1-2           I*          3-3 

v!£ 

fc 

H 

i-4            — 

S5              -              H 

—        i- 

i        .270 

.068 

.24       27 

4*         4.  .508        .246 

12.49      8 

.364 

.088 

.42        18 

5         5.  or, 

!  J   :,0      8 

i         .494 

.091 

.56       18 

6           6.065        .28 

ix  7fi      8 

.623 

.109 

.84       14 

7            7.023         .301 

23.27      8 

'        .824 

.113 

1.12       14 

8           7.982        .322 

28.18      8 

1        1.048 

.134 

1.67       11.5 

9           9.001           :il 

33  .  70      8 

li     1.38 

.140 

2.24       11.5 

10          10.019        .366 

40            X 

lj     1.611 

.145 

2.68       11.5 

11          11.               .375 

45            8 

2       2.067 

.154 

3.61        11.5 

12         12.               .375 

49            8 

2*     2.468 

.204 

5.74         8 

13          13.25          .375 

54            8 

3       3.067 

.217 

7.54         8 

14          14.25          .37.') 

58            8 

3i     3.548 

.226 

9.              8 

15         15.25         .375 

62            8 

4       4.026 

.237 

10.66         8 

Standard 

Boiler 

Tubes.     Lap-welded  Charcoal  I  ron  .     (Morris  Tasker 

&Co.) 

Outside 

Inside 

Lbs.                      Outside        In>i<lo 

Lbs. 

diam.  in.    diam.  in. 

per  ft. 

diam.  in.    diam.  in. 

per  ft. 

1 

0.856 

0.708 

3i            3.262 

4.272 

1.106 

0.900 

i           3.512 

4.59 

1.334 

1.25 

4             3.741 

1.56 

1.665 

i           4.241 

6.01 

2 

1.804 

1.981 

5             4.72 

7.226 

i 

2.054 

2.238 

6             5.699 

9.346 

i 

2.283 

2.755 

7             6.657 

12.435 

f 

2.533 

3.045 

8             7.636 

15.109 

3 

2.783 

3.333 

9             8.615 

18.002 

i 

3.012 

3.958 

10             9.573 

22.19 

Surface  of 

tube  1  ft.  long  in  sq.  ft.  =  0.2618  X  diam.  in  in. 

Wrought-iron  Welded  Tubes.     Extra  Strong. 


Nominal 
diam.  in. 


Actual  Diameters  in  in. 


Outside. 

Inside,  Ex. 
Strong. 

Inside,  Double 
Ex.  Strong. 

0.405 

0.205 

0.54 

0.294 

0.675 

0.421 

0.84 

0.542 

0.244 

1.05 

0.736 

0.422 

1.315 

.951 

0.587 

1.66 

1.272 

0.884 

1.9 

1.494 

1.088 

2.375 

1.933 

1.491 

2.875 

2.315 

1.755 

3.5 

2.892 

2.284 

4. 

3  .  358 

2.716 

4.5 

3.818 

3.136 

Lead  Pipe.     Safe  working  pressure  in  lh<    por  sq.  in .  =  1 ,000t  +  d .     AP- 
prox.  wt  in  Ibs.  per  ft-  =  15  5*( caliber +  0-     <  (thickness)  and  d  (diam.)  in  in. 
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Number   of   Square    and    Hexagonal    Nuts    in    1OO   Ibs. 

Standard;  chamfered,  trimmed  and  punched  for  standard  taps.) 


(U.   S. 


B.olt       No 
diam.     ^°- 

in  in.       oq' 

No. 
Hex. 

Bolt 
diam. 
in  in. 

No. 
Sq. 

No. 
Hex. 

Bolt 
diam. 
in  in. 

No. 
Sq. 

No. 
Hex. 

i         7270 

7615 

i 

280 

309 

H 

34 

40 

1         2350 

3000 

1 

170 

216 

2 

23 

29 

1120 

1430 

130 

148 

19 

21 

*           640 

740 

• 

96 

111 

12 

15 

i           380 

450 

58 

68 

9 

11 

3 

7.33 

8.5 

Bolts.    Approximate  Weight  per  Hundred.     Weight  of 
in  Ibs.  =a  +  (b  X  length  in  in.). 

100  bolts 

Bolt  diam.     i 

1 

*           * 

* 

i         1        H 

H 

H       1* 

Sq.  heads 

and  nuts. 

a         =2 

5.7 

11          23 

39 

63.6     97     105 

190 

230     325 

6         =1.4 

3 

5.6       8.4 

12.2 

16.6     22       30 

35 

40       50 

Hex.  heads 

and  nuts. 

a         =1.2 

3.7 

7         16 

27 

48         64       66 

150 

180     250 

6         =1.4 

3 

5.6       8.4 

12.2 

16.6     22       30 

35 

40       50 

Bridge  Rivets.    Weight  per  10O. 

(6  X  length  under  head  in  in.). 


Weight  of  100  rivets  in  Ibs.  =  a  + 


Diam.  in  in.  $ 
a  =1.8 
b  =3.13 


5.8 
5.55 


11.1 

8.7 


13.8 
12.5 


I 

22.7 
17 


38.8 
22:^25 


H  H 

58.1         83.6 
28.15     -34.8 


Track  Spikes.     Number  in  Keg  of  20O  Lbs. 


Size.  . 

No... 


5X* 
520 


5*X 
466 


Wire  Nails  and  Spikes.     Number  in  One  Pound. 


Size. 

2d 
4d 

Sd 


30<f 
40d 
50d 


Barbed.       Fine. 


1550 
760 
350 
190 
157 


Common 
nail. 
1200 
432 
252 
132 
87 
51 
35 
27 
21 
15 
12 

Spikes:    6*  in.,  9;   7  in.,  7;   8  in.,  5;   9  in.,  4*. 
Lag  Screws.     Approximate  Weight  per  Hundred, 
lag  screws  in  Ibs.  =a  +  (b  X  length  in  in.). 

Diam.  in  in i  •&  £  $ 

a.  .  .   2.2  5.7  8  IS 


876 

357 

204 

99 

69 

43 

31 

24 

18 


Finish- 
ing. 
1350 
584 
310 
170 
121 
72 
54 
46 
36 


Barbed 
roof. 
411 
165 
103 


6X| 
260 


Spikes. 


35 
26 
20 
15 

10 
Weight  of  100 


&       4 

2.9  3.3  4.6  7.2  10 

Iron  Wire.     Tensile  Strength  per  Square  Inch  of  Section. 


Diam.  in  in.  .  .  . 
Strength  in  Ibs. 


0.05 
106,000 


0.1 
97,500 


0.2 
87,500 


0.3 
81,000 


0.4 
79,000 


The  above  for  bright,  charcoal  iron  wire.      If  annealed  take  75%  of  values. 
For  Bessemer  steel  add  10%  and  for  crucible  steel  15%. 
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Galvanized  Iron  Wire.      U  eight  and 

•iingj 

"m^:  "»•     '"""- 


prr  Mllr. 


IJ.s. 


:»:.() 
470 
385 


10 

I  -'    I 
14.1 


330 
216 


1'     1 


12  170 

i:i          KM) 
14 


'.H    (i 


Galvanized  Steel-\vire  Strand  7  wtatt  twi-frd'. 
Diarn.  of  rope,  in.  .  ..     *             ,V,              *  ,\  i 

Win-  gauge  No  ......     8  10  II  12  !.-• 

Lbs.  per  100  ft  ......   52  29  21  K) 


A 
17 


Intimated  breaking  -trength  in  lhs.  =  160Xwt.  in  Ibs.  of  KM)  ft. 

\Vin-  Hoisting  Rope.  (Koebling.)  Made  from  i  to  2j  in.  .limn.,  f. 
Mr:in.ls  nl  1!)  wires  each,  hemp  center.  Wt.  in  Ibs.  jx-r  ft.  1  ..'jH//-'.  Ap- 
prox.  breaking  strain  in  Ibs.  =cd2. 

1  >i;tm.  in  in.,  d=     1.5  1  0.5 

Bwedbh  ira»,  c-aMdO  32,000  :r.,000 

Cast  steel,        c  =  60,000  64,000  70,000 

Transmission  or  Haulage  Rope.  &  to  li  in.  in  diam.,  0  strati-  Is  of 
7  wires  each,  hemp  center. 

Diam.  in  in.,  d=     1.5  1  0.5 

Swedish  iron,  c  =  30  ,000  32,000  .T<,500 

Cast  steel,       c  =  60,000  64,000  67,000 

Extra  Strong  Crucible  Cast-steel  Rope  (6  strand,  hemp  center). 

Diam.  in  in.,       rf=     2.5  1.5  1  0.5 

19  wire  strand,   c  =  70  ,000  7f.,(KX)  78,000  81,000 

7     .....     c=  70,000  75,000  78,000 

Crane  Chains  (Pencoyd).     Pitch  in  in.  (c.  of  1  link  to  c.  of  next), 

p"  =  0.17  +  2.43d    (where  rf<H  in.); 
=  2.75d-0.156(     '        d>liin.); 


Out-side  width  of  link  =  3.3d  +  A  in.  approx. 
for   <i  =  }  to  i  in.,  wt.  =  0.875  +  6.5(d-  i  )  ;    for 


rf  =  diam.  of  link  wire  in  ins 

Approx.   wt.  per   ft.  in  Ihs.     for   <i  =  }  to  i  in., 

d  =  *  to  |  in.,  wt.  =  2.r>+14.6(d-i);  for  d  =  j  t 

DBG  Special  Chain.  Average  breaking  strain  in  Ibs.  =  62,000rf2, 
when  <f^  f  in.,  and  62,000rf2-6,800(d-|),  when  tl>\  in.  For  proof  test 
take  i  of  these  values,  and  for  safe  load  £.  Ordinary  crane  chains  have 
from  S7  to  90%  of  the  strength  of  the  D  B  (\  special  chains.  Chain  sheaves 
.should  have  a  diameter  of  not  less  than  70rf. 

Holding  Power  of  Nails  and  Spikes.  (Approximate.)  Force  in  Ibs. 
required  to  withdraw  nail  =  cs.;,  where  /  =  length  of  nail  in  the  wood  in  in., 
and  s  =  circumference  of  a  round  nail  or  the  tour  sides  of  cut  nail  in  in. 


White  Pine. 

Wrought  spikes,  c=  360 
Win-  nails,  c=  167 

Cut  nails,  c=  405 


VALUES  OF  c. 
Yellow  Pine. 


318 


White  Oak. 

720 

940 

1216 


Weight  of  Floors.     Solid  brick  arched  floors.  70  Ibs.  per  sq.ft.     Hollow 
brick  arched  floors,  from  20  Ibs.  per  sq.  ft.  for  a  3  ft.  span  to  tW)  lt».  for  a 
10ft.  span.      \Vooden   floors.  n,s.  per  sq.  ft.  per  inch  of  thickness:    White 
Oak,  4;  Maple,  3.5;   Yellow  Pine,  3.2;  White  Pine  and  Spruce.  2 
lock,  2. 

Floor  Load-,  in  Ibs.  per  sq.  ft.  Street  bridges,  80;  dwellings,  40; 
churches,  theatres  and  a--<Tiil>ly  room.-,  M);  grain  elevators.  KM);  ware- 
houses, L'.-><);  factories,  200  to  400.  Prof.  L.  J.  John.-on  .-tales  a-  the  result. 
of  experiments  that  the  exces-ive  rrowding  <>f  adults  may  produce  a  load 
as  high  as  160  Ibs.  per  sq.  ft.  1  cu.  ft.  of  brickwork  gives  a  load  of  115  Ibs. 
per  sq.  ft.  of  supporting  floor.  (Masonry,  160  Ibs.) 
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Roof  Loads  in  Ibs.  per  sq.  ft.  Corrugated  iron,  37  to  40;  slate,  43  to  46 
(add  10  Ibs.  if  plastered  below  rafters).  These  values  include  an  allowance 
of  30  Ibs.  for  wind  and  snow.  Snow  per  ft.  depth,  6.4;  maximum  wind 
pressure,  50. 

Brick  Masonry.  Common  bricks  are  8f  in.X4i  in.X2f  in.  Pressed, 
8*  in.X4J  in.X2J  in.  Wt.,  5  to  6  Ibs.  Number  of  bricks  per  sq.  ft.  of 
wall  surface  =  1.55  X thickness  of  wall  in  inches  (approx.).  1,000  closely 
stacked  bricks  occupy  about  56  cu.  ft.  Safe  load  for  brickwork  in  tons 
per  sq.  ft.:  for  good  lime  mortar,  8  tons;  for  good  cement  mortar,  15  tons. 
(N.  Y.  City  Law.) 


THE  STRENGTH    OF   MATKHIALS, 
STRUCTURES,  AND  MACHINE  PARTS. 


Stress  is  the  cohesive  force  within  the  material  which  i-  called  into 
action  to  resi-t  the  load  or  externally  applied  force. 

Strain  is  the  deformation  produced  by  tin  :  i-  proportional 

to  the  stress  within  the  elastic  limit. 

Elasticity  i>  the  property  \vhi-h  a  body  pos<e.-so-  of  regainine  it-  orig- 
inal shape  and  dimensions  after  distortion. 

Modulus  of  Direct  Elasticity.     /. 

Ot         Or 

Modulus  of  Transverse   Elasticity.     C'  =  /(,-r-,?x  (for  shear). 

Modulus  of  Volumetric  Elasticity.  A  /,.  ^-docrea-o,  in  vol.  per 
cu.  in. 

Elastic-   Moduli     inch  and  pound  units). 

Material.                                      I-                               C  K 

Cast  Steel 30,000,000                1 LM •00,000  26,000,000 

Forged  Steel 30.000.000                1:5.000,000  26,000,000 

Tempered  Steel 3fi.000.000  14,000,000 

W.  I.  Bars 29,000,000                10.500.000  20,000.000 

"      Plates 26,000,000                14,000,000  20,000,000 

Copper 12,000,000  24,000,000 

rolled 15.000,000 (for drawn,  £=  17,000,000) 

Cast  Iron 17,000,000                 6,300,000  14,000,000 

Brass  and  Gun  Metal 13,500,000  15,000.000 

Water 300,000 

Poisson's  Ratio  (M).  If  a  bar  be  extended  or  compressed,  the  direct 
strain  (fit  or  dc)  =  lateral  strain  (<J;)X^/.  The  value  of  .\f  for  stool  is  :M'.'», 
for  W.  I.,  3.6,  for  C.  I.,  3.7,  for  copper,  2.6,  and  for  brass,  3. 

Work.  The  unit  of  work  is  one  foot-pound.  Work  -  pressure  or  force 
X distance  =  pounds  X feet  =  ft. -Ibs..  and  may  be  represented  by  the  area 
of  a  figure  with  abscissa^  of  distance  and  ordinates  of  pre.-sure  or  force. 

Resilience  =  the  work  done  in  deforming  a  body  up  to  the  elastic  limit  = 
F  .  ,  ,,  total  stress  in  Ibs.  . 

—  X^/  ft.-lbs.  =  —  X  deflection  in  feet. 

£i  - 

Stress  Due  to  Impulsive  l,«>ad.     Make  energy  equal  to  the  resii, 

Then,  -^-  =  —^r,  and  F  (Ibs.)  = ,   which  is  the   maximum.     The  mean 

2(7        2  0J, 

total  stress  (between  0  and  max.)      .^  ^    ,  which  applic<  to  steam-hammers, 
pile-drivers,  etc.     In  case  of  a  falling  weight  (e.g.,  sudden  load  on  a  beam 

FJrr 

or  crane  chain),  w(h  +  J//)  =  — — . 

Stress  Caused  by  Heat.     F  =  Eat°a. 

Coefficients  of  Linear  Expansion  (a)  per  Deg.  1  . 

Tempered  Steel. ..  .    .0000073         ('a-tlron .    .0000062 

Strong  Steel 0000063          Brass 0000105 

Mild  Steel 0000057          Cooper 0000095 

Wrought  Iron 0000060         BronM OOOOl  1 1 
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Relative  Hardness  of  Materials.  Cast  steel,  554;  brass.  233;  mild 
steel,  143;  aluminum  (cast),  103;  copper  (annealed),  62;  zinc  (cast),  41; 
lead,  4.  Strength  is  increased  as  the  temperature  is  lowered,  -50  to 
100%  at  -295°  F.  Iron  and  steel  gain  slightly  in  strength  up  to  500°  F., 
but  thereafter  the  decrease  is  rapid. 

Factors  of  Safety. 

Safe  Load  =  Breaking  Load  -J-  Factor  of  Safety. 

Dead  Live 

Load.        Load.* 

W.  I  and  Mild  Steel  ...  3  5  to  8  9  to  13 

Hard  Steel  ............  3  5  to  8  10  to  15 

Bronzes  ..............  5  6  to  9  10  to  15 

C.  I.  and  Brass  ........  4  6  to  10  10  to  15 


Pemianent  str- 
Masonry      J  •  •   20  to  30 

Herr  Wdhler's  experiments  in  1871  showed  that  range  of  variation  in 
stress  was  a  factor  in  lowering  the  breaking  load  and  also  that  rupture 
may  be  caused  by  repetitions  and  repeated  reversals  of  stress,  none  of 
which  attain  the  elastic  limit.  Prof.  Unwin  gives  the  following  equation: 

fi=-^  +  ^f2  —  xSf,  where  /i=the  breaking  stress  under  variation,  in  tons 

per  sq.  in.,  £  =  stress  variation  in  terms  of  f\,  x=l.5  for  W.  I.  and  mild 
steel   and    2   for  hard   steel,  and   /  =  breaking  load    under   steady   stress. 
~  =  highest  stress  —  lowest  stress 

highest  stress 

For  a  steady  load  /i=/;    for  a  simole  live  or  suddenly  applied  load, 
S  =  /i;   for  alternately  equal  tensile  and  compressive  stresses  as  in  shaft- 
ing, 5  =  2/i,  whence,  for 

W.  I.  Steel. 

Steady  load  .........   /,=/  /,=/ 

Live  load  ...........   A  =0.6/  A  =0.472/ 

Reversible  load  ......   A  =  0.33/  h  =  0.25/ 

Or,  safety  factors  are  in  the  ratio  1:  2:  3  to  4,  approx. 

Average  Breaking  Stresses  of  Building  Materials. 

(In  Ibs.  per  sq.  in.) 

Material.  Tension.  Compression. 

White  Oak  ..............    10,000  (||  to  grain)    4,500  (columns  <  15  Xdiam.) 

"       Pine  .............      7,000  ......        3,500 

La.  Long-leaf  Pine  .......    12,000""      "        5,000 

Hemp  Rope  .............     8,000 

(Jranite  .................         600  15,000 

Limestone  ..............      1,000  7,000 

Sandstone  ..............         150  5,000 

Stonework  ..............    (0.4  X  strength  of  stone  used) 

Brickwork  ..............  50  1,000  (common,  in  lime  mor- 

tar) 

300  2,000  (best,  in  cement) 

Portland  Cement,    1  mo.  .         400  2,000 

1  year.        500  3,000 

Concrete,  1  mo.  .         200  1,000 

1  year          400  2,000 

Rosendale  Cement  has  about  £  the  strength  of  Portland. 
Safe  strengths  of  stone,  brick,  and  cement  =0.1  X  breaking  strengths. 

*  A  load  on  and  off  continually  and  instantly,  but  without  velocity. 
t  A  reversible  load  causes  alternate  tension  and  compression. 
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Average    Breaking    Stresses    of    .Materials    and    Safe    Stresses    for 
Ordinary   l.i\<-   Loads.        In    Ibs.  per  s(|.  in.) 


MetaN. 

Tension. 

CdmpreMtan. 

Shear. 

Breaking. 

Safe. 

Bnak 

ing. 

Safe. 

Break- 
ing. 

Safe. 

Crucible  Cast  Stc.-l. 

100,000 

IH.OOO 

1x0,000 

IS.IHMI 

11.200 

Mild  Steel.  . 

78,000 

15,500 

15.500 

1  1  .-'(X) 

Struotural     Steel, 

0.1%  Carbon.. 

.'.',,000 

11,200 

56.000 

11.200 

48,000 

9,000 

1  )o     0  l.VJ   C    .  .  . 

',1  000 

T'  s()() 

.*>(  I  Mild 

111.  OOO 

Soft  Steel  

60-70.000 

15,  » 

17.000 

<  America 
Co.  Tract 

n  Bridge 

Webs  = 

10.000 

Medium  Steel  

Steel  Castings  

«  M,  ooo 

1  1.200 

11.200 

7,800 

Iron  Forgitm 

.-,',,000 

11,200 

50,000 

W.  I.  Plates  ||  

.-,  1,000 

(i  000 

10,000 

9)000 

Ca-t   Iron  

17,000 

2,800 

100,000 

9,000 

11,000 

L'.'JOO 

Malleable  Iron.  .  .  . 

35,000 

6,000 

Ma  .ganese  Steel.  .. 

135,000 

22,500 

1 

Ni  kel  Steel  

83,000 

17,000 

1     hie- 

"          •  • 

100,000 

Manganese  Bronze 

67,000 

1  1  !200 

11,200 

7.KOO 

Phosphor  Bronze    . 

56,000 

9,000 

9,000 

6,700 

Silicon  Bronze.  .  .  . 

63,000 

11,200 

Aluminum  Bronze. 

67,000 

11,200 

Delta  Metal  

67,000 

1  1  ,200 

(Forging 

s) 

"          " 

4.5,000 

7,800 

(Cast) 

dm  Metal   ....'... 

27,000 

4,500 

4,500 

3.360 

Copper  

29,000 

-4  ..-,00 

58,000 

4,500 

Brass 

•'.">  000 

3  360 

Copper  W    e  

36,000 
60,000 

(anneale 
(unanne 

d)   " 
aled) 

Iron                   

60,000 

(anneale 

d) 

•  • 

80,000 

(unanne 

aled) 

Steel                 .;.!,, 

120,000 

'  ' 

80." 

(anneale 

d) 

•  ' 

180,000 

•crucible   steel) 

200,000 

(bridge  c 

able) 

Note.  Where  vacancies  occur  in  table,  assume  compression  to  equal 
tension,  and  shear  to  be  0.7  X  tension.  ||  means  parallel  with  grain  nr  fiber, 
+  means  across  grain. 


//a, 


/) 


Tonsilp    Stress-Action.     Load  =  Total    Stress.    <>r    ! 
l>re.-sed  upon  in  case  of  steam,  air,  or  water  preasure). 

Strength  of  Chain.  tr  =  14,000d2  Ibs.  for  .-atV  leading,  where  d  -=diam. 
in  in.  of  tne  wire  in  link.  Wt.  per  ft.  =  10</-',  appro.,  -  .aius. 

ante.) 

Strength  of  Ropes,  w  (safe)  =  l,120rf2  for  White  Hemp.  For  wire 
rope,  tr  (safe)  =  20,000m/-'  Ibs.,  where  n  =  no.  of  wires  and  «/  .iiam.  of  wire 
in  in.  (See  Wire  Rope,  ante.) 

Strength  of  Pipes  and  Cylinders  Pressed  Internally. 
Thin   Cylinders.     For  a  longitudinal  section  (e.g.,  boiler)  ft  =  P~,  and 

for  a  transverse  or  ring  section,  ft  =  ?£.      Stresses    //    must   be   multiplied 

by  )?  in  the  case  of  boilers  or  other  cylinders  where  welded,  riveted, 
or  bolted  construction  i*  u.-ed.  In  this  case  T,  ^efficiency  =  >t  rength  of 
joint  -  -trength  of  -olid  plaie.  For  ordinary  steam,  water,  or  gas  pres- 
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sures,  <  =  0.18V/d  for  pipes  and  rough  cylinders.  For  machining,  in  the  case 
of  cylinders,  add  0.3  in.  to  above  value  of  /.  Kent  states  as  an  average 
derived  from  a  number  of  rules:  <  =  0.0004rfp  +  0.3  in. 

Thick   Cylinders.     (For  veryjugh  pressures,  e.g..  hydraulic.)     Exter- 
nal diam.  =  Internal  diam. 


Tensile  Stress  induced  by  Centrifugal  Force.     ft=  —  —  .     For  cast 

(> 

iron  w  =  0.261  Ib.  and  ft  safe  =•-•  2,800  Ib.  Placing  these  values  in  formula, 
v  is  found  to  be  170  ft.  per  sec.,  or  the  safe  theoretical  velocity  of  a  fly- 
wheel rim  (double  actual  practice). 

Strength  of  Bolts.  .The  working  stress  per  sq.  in.  of  cross-section  at 
the  bottom  of  thread  for  ordinary  joints  =  8,000  Ibs.  for  W.  I.,  and  11,000 
Ibs.  for  mild  steel.  (If  under  steam  or  water  pressure,  6,000  Ibs.  In  this 
case  bolts  <$  in.  should  not  be  used  and  the  pitch  should  not  exceed  6d.) 

For  steam  cylinders,  etc.  No.  of  bolts  =  '•     Where  bolts 


have  to  resist  shock  the  shanks  should  be  turned  down  to  the  diam.  at 
bottom  of  th'-ead. 

Compressive  Stress-Action.  w  =  fca.  (Applicable  where  length  <  \2d.) 
(See  Columns.) 

Shear  Stress-Action.  For  pins  and  rivets,  w  =  f  a.  /8  safe  =  11,  000  Ibs. 
per  sq.  in.  (Am.  Bridge  Co.  practice.) 

Strength  of  Eye  Bars.  /,  saie  =  14,000  to  10,000  Ib.  ior  soft  and  me- 
dium steel  respectively. 

Propo-tiiins:  D-d=1.4b;  <?  =  $toli&;  t  (for  f><5  in.)  =  0.75  in.;  *  (for 
6>5  in.)  =  (6  +  l)-f-8  (in.)  Radius  of  fillet  at  neck  =  D  =  outside  diam. 
(Passaic  H-  M.  Co.)  6  =  d  =  0.4Z>.  Fillet  radius  =  D.  (Shaler  Smith.) 

Strength  of  Riveted  Joints.—  Single-riveted  Lap  Joint.  Shear 
strength  of  one  rivet  =  tensile  strength  of  plate  between  two  holes,  or 
fa-d2+4  =  ft(p"-d)t  (1).  d  (of  rivet)  =1.2V?  before  riveting;  d  =  dl  (of 
hole)  =1.3v7  after  riveting  (for  plates  <,!  in.).  Substituting  in  (1)  and 
making  fa=  11,200,  /<-=  13,500,  pitch,  p"  =  1  .09  -I-  d\  for  steel.  For  iron 
plates  and  rivets  p"  =  1.14  +  </i;  for  steel  plates  and  iron  rivets,  p"  =  0.76  + 
di',  for  copper  plates  and  rivets  p  =  0.98  +  rfi.  (Supplee  gives  as  standard 
practice  (up  to  i  in.  plates)  1.31  and  1.25  in  place  of  1.14  and  0.76  as  above.) 
Center  of  rivet  to  edge  of  plate  =  •$•  overlap  =  1  .od. 

Double-riveted  Lap  Joint  (staggered  or  zigzag).  p"  =  2.18  +  di.  Dis- 
tance between  rows  of  rivets  =  v/1.09rfi+0.75rfi2. 

Chain-riveted  Lap  Joint  (double  riveted,  but  not  staggered),  p"  = 
2.18-frfj.  Distance  between  rows  =  1.5  +  di. 

Double-riveted  Butt  Joint  (with  two  cover  plates).  p"=4.36  +  rfi. 
Diagonal  distance  between  centers  of  rivets  in  the  two  rows  =  2.18  +  di. 
Thickness  of  each  butt  strap  or  cover  plate  =  \t  of  plate.  Overlap  =  2rf. 

Treble-riveted  Butt  Joinf.  This  case  calls  for  three  rows  of  rivets. 
The  pitch  of  the  third  row  from  edge  is  twice  the  pitch  of  the  first  two 
rows,  which  are  staggered  Examining  as  a  lap  joint  the  metal  between 


two  holes  on  pitch  line  =  (  p"  —  rf)  =  -1-—  =  the  strength  of  one  rivet. 
As  5  rivets  have  to  be  taken  care  of,  then  p"  =  '-':—--—  +d\.  Considered 

as  a  butt  joint,  (j>"-rf)~^~,  and  for  5  rivets»  P"  =  ^y^-+<*i-  A" 
intermediate  value  is  generally  taken,  (p"  —  pitch  of  third  row  from  edge 
of  plate.)  In  the  above  formulas  p"  is  taken  equal  to  d\  plus  2.18,  4.36, 
etc.,  which  are  multiples  of  1.09  in  formula  for  single-riveted  lap  joint, 

and  are  for  steel  plates  and  rivets  where  -j-  =777  ~^'     For  other  metals  or 

Jt          lojOUw 

combinations  similar  multiples  of  1.14,  0.76,  0.98,  etc.,  should  lie  used, 
or,  if  other  safe  stresses  are  chosen  for  /»  and  //,  values  of  p"  should  be 
worked  out  from  formula  (1).  Overlap  =  1£  to  2d  for  treble-riveted  butt 
joint,  thickness  of  butt  strap  =  |<  of  plate. 

Rivet  Proportions.     Round  or  snap  head:    large  diam.  «=>!.  67  X  rivet 
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diam,  and    height    of    head      J//.     <  'ounter-unk    head.     large    diam.  «=  Ifrf, 
and  is  coned  to  rivet  shank  at  an^ariRle  at 

Efficiency  of  Joints.     q=-j°    ~   '.     (Following  table  gives  ,,  for  steel 
where  /,  +  /«-  1.2.) 

,  Sin 


igle-riv. 
Up. 

I)ouhle-riv. 
Lap. 

Double-riv. 

Hutt. 

Treble-riv. 

Butt. 

.57 

.73 

.84 

.93 

.54 

.70 

.82 

.92 

.49 

.66 

.79 

.90 

.  »;L> 

77 

.90 

.40 

.57 

.73 

.87 

1  1* 

H  It 

Riveting  in  Structural  Work  (example,  —  plate  girder).  Flange  area 
a  —  -~.  .".  Bm  (neglecting  bending  stress  on  web)  =-ahf  (1).  Bm  of  web  — 

—  T-,  or  allowing  for  rivet  holes,  =-3-,  an<l  /  m  'considering  Lending  strc    •> 
o  o 

on  web)  =  A/(a  +  ^),  and  the  flange  area  «r  =  7-"  -  ^  (2). 

Riveting:  Lower  angles  to  web  (in  tension),  neglecting  Moment  of 
Resistance  of  web  to  bending;  pitch  of  rivets,  p"  =  h}s  +  I",  or  the  vertical 
shear.  Upper  angles  to  web,  compression,  M.  of  R.  neglected; 

hfar    y24./,2,  2'  w^ere  f™  total  loading  per  inch  of  length,     p",  h,  t  in  in., 

a  in  sq.  in.,  /»  (  =  least  strength  ci  rivet  subject  to  double  shear  and  bear- 
ing stress)  in  Ibs.  per  sq.  in.,  V  and  w  in  Ibs. 

The  pitch  of  rivets  joining  flange  platen  to  angles  is  6  in.,  excepting  at 
and  near  the  ends  of  flanges,  where  p"  =  4rf. 

Web  stiffeners  are  angles  riveted  vertically  to  the  web  to  prevent  buck- 

ling of  the  latter.     If  /<—   the  stiffeners  should  be  spaced  h  in.  apart 

(maximum  spacing  =  60  in.). 

Pins*  bolts,  and  rivets,  unless  fitting  tightly  and  thoroughly  gripping 
the  plates,  will  be  subject  to  bending  stresr-es  and  .smaller  unit    ri 
must  be  employed,  viz.:    for  circular  sections,  0.75/«;  for  square  secti-m-, 
0.66/8;   for  square  sections,  forces  acting  along  diagonal,  0.89/«. 

Strength  of  Cotter  Joints.  d  =  diam.  of  rod  =  breadth  of  cotter  mid- 
way between  ends  =  4  X  thickness  of  cotter.  Taper  of  cotter  1  in  30  to 
1  in  100.  If  tapered  much  greater  than  1  in  30,  cotters  are  apt  to  fly  out. 

Torsional  Stress-Action.  External  Moment  =  Moment  of  Resistam-e 
at  section,  or  ttT==/g5<. 

Strength    of    Round    Shafts.     Moment    of    Resistance    of    section  = 

0.1964/grf3  for  solid  shafts  and  0.1964/8(/)4~d<)  for  hollow  shafts. 

Strength  of  Square  Shafts.  Moment  of  Resistance  of  section  = 
0.208/8«;<,  where  «  =  side  of  square  in  in. 

Factor  of  Safety  for  Stiffness=  10  for  short  shafts;  16  for  long  shafts. 
Strength  of  Flange  Coupling  Bolts. 

Diam.  of  bolt  =  0.577V/(diam.  of  shaft)3-!-  (bolt  circle  radius  X  No.  of  bolts'). 

Strength  of  Sunk  Keys.  (Average  practice.)  Breadth  =  tV  (diam. 
of  shaft)  4-  A  in.;  Depth  =  i  (diam.  shaft  )  +  i  in.;  Length  =  0.3  (diam. 
shaft)2-;-  depth.  For  splines  or  keys  upon  which  parts  rotating  with  shaft 
may  also  slide  axially,  interchange  the  above  dimensions  for  breadth  and 
depth. 

The  Angle  of  Torsion,  (0),  is  the  angle  through  which  one  end  of  a 
shaft  turns  relatively  to  the  other  end  under  a  given  stress.  (0  =  arc  -t-  radius.) 
0  =•  2}gl  +  (dX  Modulus  of  transverse  elasticity,  C). 

Strength  of  Helical  Springs.     For  round  wire,  using  shaft  equation, 

tpr  =  /,^-t  where  u>  =  axial  pull  in  Ibs.,  r  =  radius  of  coil  (to  center  of  wire 
16 
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section),    /,    (safe)  =  60,000    (Begtrup    and    Hartnell).     For    square    wire, 
UT  =  0.208/«s8.     Deflection  =  2/«/rH-C'd,     where     i  =  2rrXNo.     of     turns   or 
spirals,  n  ;  d  =  diam.  of  wire,  and  C  =  12,000,000.     All  dimensions  in  in. 
Further,      deflect  ion  =  64tmr3 -e- f"d4     for      round-wire      springs,      and™ 
for  square-wire.     (Falues  of  fB  and  C  are  for  steel  wire.) 


Conical  Springs,  round  wire,  wr  =  ^p ,  where  r  =  largest  radius  of  coil. 

I6u-»r3 
Deflection  =  — -^— — . 

Cd4 
Flat  volute   (rectangular  section  of  height  h,  breadth  or  thickness  6), 

wr  =  0.222b2hfa.     Deflection 

L  u"n~ 

Spiral  Springs  in  Torsion. 

Round  wire,    wr  =  r/srf3  •*•  32      Deflection  at  r  =  — ^TT-- 

Square  wire,   tpr  =  /.s.s3-r-6.  "  r=  -=-j — . 

(1  =  developed  length  of  spring  in  inches.) 

Bending  Stress-Action.  In  an  overhung  beam,  or  cantilever,  the 
upper  fibers  are  in  a  state  of  tension  and  the  lower  ones  in  compression, 
while  in  a  supported  beam,  or  girder,  the  opposite  is  the  case.  There 
exists  therefore  an  intermediate  longitudinal  section  where  these  stresses 
are  zero  in  value.  The  intersection  of  this  longitudinal  section  and  a 
vertical  cross-section  is  a  line  called  the  Neutral  Axis,  which  passes  through 
the  center  of  figure  (or  gravity)  of  the  cross-section.  Consider  two  small 
areas,  o<  and  ae  (distant  yt  and  2/c.from  neutral  axis),  and  let  p  be  the  radius 
of  curvature  of  the  neutral  longitudinal  section  of  the  beam  when  under 
bending  stress.  Then,  assuming  the  beam  or  bar  to  be  bent  into  a  cir- 
cular ring,  /  of  bar  (before  bending)  =  2*0;  I  (after  bending),  or  circum- 
ference of  bar  at  area  a<  =  2r(/>-!- j//),  in  tension,  and  I  at  area  ae  =  2x(p  —  yc), 
in  compression.  Consequently,  the  strain  on  fibers  at  at  =  2it( p  +  yt)  — 

>  =  2xyt*  and  strain  at  ac  =  2i:p  —  2if(p  —  yc)  =  2iryc',   but   4  =  ^,  generally; 

Hi 

and  /= —  (1),  and  the    total  stress  on  a    small  area  a, 
P 


Moment   of  Resistance.     Moment   of  stress  on   the  small  area  a  = 


/aj/  =  --  ,  and  the  moment  of  all  stresses  on  the  section  =  —  lay2.     2ay2=* 

Moment  of  Inertia  of  the  section  (or  Second  Moment  )  =  /.     .'.  Moment  of 

El 
Resistance  =  —  (2).     Representing  the  moment  in  terms  of  the  limiting 

"tress,  then,  Bending  Moment,  Bm  =  fS  =  Moment  of  Resistance  (3).     S  ia 
called  the  Section  .Modulus  (  =  virtual  area  X  arm  through  which  it  acts). 

From  (1),  (2),  and  (3),  S  =  —  ,  and  Bm  =  f—. 

y  y 

Moments  of  Inertia  of  Area. 

1  ur  HcaiiK. 

Section.  /.  y  (  =  dist.  of  furthest  fiber 

Rectangle,  axis  II  to  breadth  and  from  axis  •) 

,  .        .  bh3  h 

bisecting  section  .............        -^  -j 

Square,  ditto,  (6  =  A)  ...........        ^  -| 

Square,  axis  bisecting  section  on 

diagonal  ....................  —  ~  (#  =  side  of  square.) 
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Hollow   rectangle  or  square,  axis 
as  for  rectangle  above 

Triangle,  axis  II  to  base 

Circle,  diameter  as  axis 

Hollow  circle 

For  shafts.     (Polar  Moment  of  Inert ia  =  /„.) 


•2 

?A 
3 
d_ 
2 

Y   (b\,  hi,  and  d\  are  outer 
dimensions.) 


Section. 


Rectangle. 


Square. 


Circle. 


Hollow  circle. 


I*. 

V- 

bh(b*  +  h*) 

12 

2 

«< 

G 

s-f-VJ 

0707* 

«/« 

d 

32 

2 

jr(d,'-d<) 
32 

di 

(di  =  outer  diam.) 

The  Polar  Moment  of  Inertia  If  =  /  +  /],  where  7  and  7,  are  two  Moment* 
of  Inertia  of  the  section  which  are  taken  at  right  angles  to  each  other  through 
the  c.  of  g.  of  the  section. 

The  Radius  of  Gyration,  r  =  T 

area  of  section 

Moment  of  Resistance.    Graphic  Solution.     AB  is  the  neutral  axis 

of  the  rectangular  section  ('I)HJ ,  and 
CD  the  line  of  limiting  or  greatest 
stress.  The  value  of  any  horizontal 
fiber  EF  to  is  found  by 

projecting  the  same  vertically  to  the 
line  CD  and  joining  C  and  D  to  .V. 
The  intercept  GM  is  the  value  de- 
sired. All  filers  being  thus  treated, 
the  sum  of  the  virtual  stre- 
will  be  the  a  eaa  '  DN  and  HJN 
which  each  make  one  force  of  the 
couple  when  multiplied  by  the  limit- 
ing stress  /.  A'  a-.d  /-  are  the  cen- 
ter- of  gravity  of  the  a 

Moment     of    Ke.M<ianee    of    rectan- 
gular section  =  /  (are.-!  CD\  »r  //./.V) 


Fig.  2. 


Moment  of  Inertia  of  any  Sec- 
tion. Kind  fS  by  above  method, 
divide  by  value  of  /  and  multiply 

by  y.     (/  =  Sy.)      For  rectangula- 

' 


Center  of  Gravity  and  Moment  of  Inertia  Determined  Graphic- 
ally (Fig.  3).  Beam  section  123456...  12.  To  find  center  of  grav- 
ity (considering  right  half  of  section):  Project  each  horizontal  fiber  of 
-eciion  ve  ri'-ally  to  the  arbitrarily  assumed  line  .r,j-]  parallel  to  base  line  xx. 
Join  ends  of  projection  to  point  b  and  note  the  intercept  on  each  fiber. 
The  sum  of  all  these  fiber  intercepts  will  be  the  area  o  24  17  16  26  26  6  a, 
or  .4,.  Then,  A}h  =  AG,  where  A  is  area  of  right  half  of  section  (sufficient 
in  case  of  symmetry)  and  O-  distance  of  center  of  gravity  from  «-.  1  hen, 
t  which  determines  the  position  of  neutral  axis,  zz. 


Mo.MKXT  OF   INERTIA. 
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To  find  /of  the  section  around  z?  f  considering  left  half  of  section)  Project 
every  horizontal  fiber  strip  of  section  to  //,  the  line  of  limiting  stress,  join 
ends  of  projection  to  point  c  (center  of  gravity)  producing  if  rt<cr#*ary  until 
the  original  strip  is  eros>ed,  and  note  the  intercepts.  The  areas  1  a  c  14  13  1 
(«i)  a-.d  c  !"<  23  22  b  c  («,')  are  thus  found,  and  on  opposite  sides  of  verti- 
cal center  li:.e.  They  are  the  1st  moments.  Go  through  the  same  process 
as  above  with  the  areas ai  and  a\ ',  arid  the  second  moment  areas  1  a  c  15  14  1 
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22  7 


Fig.  3. 


(<i.j)  and  c  /»  21  20  19  r  (a2')  will  be  obtained,  both  being  on  the  same  side 
of  vertical  line.  Then  (doubling  the  results  for  the  entire  section),  /  = 

'•/)!/-  and  .<?  =  —  =  2(a2  +  a2')y.     In  cast-iron  beams  if  /<•—  >//,then  /t 

is  the  limiting  stress  and  the  line  II  should  be  drawn  at  a  distance  yt  from 
ncnt  ra!  a\i-. 

Position  of  Outer  of  (inivity.  The  centers  of  gravity  of  regular 
li^-iitv-  i  plane  or  solid;  are  the  same  as  their  geometrical  centers. 

Triangle:    $  distance  from  middle  of  side  to  vertex  of  opposite  angle. 
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Trapezoid:    divide  into  two  triar  1  and  join  t  hei'  centers 

of  gravity,    repeat    pn.ce--  \\ith   the  other  diagonal  and   the  interaction  of 
the  line-  joining  the  center-  of  gravity  will  !*•  c.  o!   :  .id. 

•or   of   circle       on    radiu-    bi-ect'mg    the    arc,   di-ta:  -iter  — 

(2Xchmd   •  radius)  :  ( :<  •  length  ot 

Semicircle:    on  middle  radiu-,  0.421  I/-  from  < •• 

(Quadrant      on   middle  radius,  O.WOlir  from  ., 

Segment  of  circle:    distance  from  center      I  chord  ):t-r-  ( 12  X  area). 

Parabola:    %  length  from  vertex,  and  on  a\i-. 

Semi   parabola,    y  length  from   \ettex,  i   -emi  l.a-e  from  axis. 

Cone,  Pyramid:    in  axis,  J  it-  length  from  base. 

Paraboloid:   in  axis,  3  its  length  from  vertex. 

Frustum  of  Pyramid :  distance  from  larger  base  =  -r 

Frustum  of  Cone:  "  "         "        "    -jv.^.^     R  +  i     j- 

h  =  height;  .4 ,  a,  and  R,  r  =  larger  and  smaller  base  areas  and  lauii  respec- 
tively. 

Two  or  more  bodies  in  the  same  plane:  refer  to  ro-ordinate  axes.  Mul- 
tiply the  weight  of  each  body  by  the  distance  fron  •  gravity  to 
one  of  the  axe-,  add  the  products  and  divide  by  the  sum  of  the  weights, 
the  result  being  the  distance  of  the  center  of  gravity  of  the  sy-tern  from 
that  axis.  If  bo<:i:-<  are  not  in  a  plane,  refer  them  .-imilatly  to  three 
angular  plane-. 

.Moment  of  Inertia  of  Compound  Shapes.     The  Moment  of  Inertia 
of  any  section  about  any  a\i-      the  Moment  of  Inertia  about  a  parallel  a\i- 
g  through  its  center  of  gravity  +  [area  of  section      (di-tance  between 
-'].      Also,  the  Radius  of  Cyration  for  any  section  around  an  a\: 

allel  to  another  axis  through  the  center  of  gravity  = 

V(<iist.  between  axes)2-)- (radius  of  gyration  around  axis  through  c.  of  g.)2. 
By  the.-e  rules  the  /  and  r  of  "built  up"  l>eams  and  columns  may  1  • 
tained,  —  for  7,  by  finding  the  /  of  the  several  components  of  .-ection  about 
the  same  axis  and  adding  the  re-ults  for  the  combined  section. 

({ending  .Moment  and   Deflection  of  Iteams  of  Cniform  Section. 
(TV  =  total  load  on  beam.) 

I.  Beam  fixed  at  one  end,  concentrated  load  at  the  other.      Maximum 
Bm  at    fixed   end  =  Wl.      (Bm  may   be    represented    by  the    ordinates    of    a 

right-angled  triangle  having  base  =  Z  and  height  =  m.)     Deflection     •>/.-/• 

II.  Beam  fixed  at  one  end,  uniformly  distributed  load  (e.g.,  \vt.  of  l>eam). 
Max.  Bm  at  fixed  end  =  -~-.     (Bm  represented  by  ordinates  from  base  of 

length  I  to  a  semi-parabolic  curve  having  vertex  at  free  end  of  I  and  axis 

I  \  H'/'1 

perpendicular  thereto,  and  whose  semi -parameter  =  ^) .    Deflection  =  g^j. 

III.  Beam,  ends  supported,  concentrated  load  at  center.     Max.  Bm  at 

center  =  — -.     Deflection  =  AOJ-,T. 
4  48.fi/ 

IV.  Beam,  ends  supported,  concentrated  load  at  any  point.     Max.  Bm  = 

i ,   where   z  =  distance   of  load   from   one   support.     Deflection  = 


ZEll       ' 

ir/ 

V.  Beam,    ends    supported,    uniform    load.     Max.  Bm    at    center  =  -  . 


VI.  Beam  fixed  at  both  ends,  centrally  loaded.     Max.  Bm  at  renter  and 

ends  =  —  —  .     Deflection  =  ,-7nrr77.     Points  of  contra-flexure  distant  —  from 
o  l'J_r,  /  4 

ends. 

VII.  Beam  fixed  at  both  ends,  uniformly  loaded.     Max    Bm  at  ends- 
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.    ( — -,  at   center).      Deflection  =  -      „..     Points  of  rontra-flexure  are 

12       x  24  oa&lSl 

O.LM  1/  from  ends. 

VIII.   Beam    fixed   at   one  end,   supported   at  the  other  and  uniformly 
loaded.     Max.  Bm  at  fixed  end  =  -|-.     Deflection  =  „„„„,.     Point  of  con- 


tra-flexure  =-  -j-  from  fixed  end. 

I  \.   Beam  fixed  at  one  end,  supported  at  the  other,  and  centrally  loaded. 

_        3WI       ~  a     .  7WI* 

Max.  Hm        1(.  .     Deflection  =  ^8Kr 

W 
\.   Beam  loaded  at  each  end  with  --,  with  two  supports,  each  distant  x 


TT^ 

from    ends.     Max.    Bm  =  —^-.     Deflection,  overhang,^          12F/ 

*tt7~/l        O  — \9 

middle  part, 


for 


16EI 
XL  Beam,  both  ends  supported,  with  two  symmetrically  placed  loads 

ach  =    -,   each    x   dist.    from    support.     Max.  Bm  =  —-.    Deflection  = 


48EI 

XII.  Beam,  fixed  at  one  end,  distributed  load  increasing  uni-formly  from 

Wl  Wl3 

Q  towards  fixed  end.      Max.  Bm  =  -^  -.     Deflection 


Fig.  4. 


XIII.  Beam,  both  ends  supported,  distributed  load  increasing  uniformly 
from  0  at  center  towards  ends.     Max.  Bm  =  -r^~.     Deflection  =  ^r>.-^>. 

]  - 


XIV.  Same  as  XIII  .but  with  load  increasing  uniformly  from  O  at  ends 
„        „        Wl       Deflection=  W* 


to  center.    Max.  Bm  =  -7-. 
o 
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\\'.    B«-;iMi  overhanging  each  of  >rt-  },y  di-t ance  r,  uniformly 

<  list  ril  >ut  <•<!  load.      lim        ,'t{     at  either  .-upport,  at, d    .,  <  JT  -0.2." 

•i'i 
Max.  «rn(when 


Combinations  of  loading  may  l>e  shown  graphically  as  in  Fig.  4.  TF  — 
uniform  load,  and  H",  c.. ncent  rated  load.  Consider  the  U-am  a«  merely 
supported  at  the  ends,  with  a  uniform  load  (e.g.,  it -elf  .  'I  hen,  the  par- 
abola AFB,  on  base  AB,  and  of  height  —-,  is  the  curve  of  Iim  for  H'. 

Ag-iin.  consider  beam  as  loaded  only  with    M',.     Then,  the  triangle  ACH 
will  be  the  curve  of  Hm  for  M', .  and .  by  adding  the  ordina'. 
a  new  curve  AllKIli  is  obtained,  which  i-  the  curve  of  Iim  for  the  com 
bined   loads   on    a    freely   .-upported    l>eam.      Again,  con-ider  the    beam    a- 
h'xed.      The   lim   <>f    the    supported   I>eam   i-  now  oppo.-ed   by  the   reaction 
of  the  wall,  which  i-  a  coii.-tant   -train  and  who-e  Ji  ,n  curve-  i-  the  re'' 
ACDIi,  equal  in   area   to   AUKItt.      The   algebraic    -um    of   the-e    bending 
moments  gives  for  the  fixed  beam  the   shaded  Hm   curve  A.CHEIDBIHA, 
and   the   inter-. -ci  ioM-   at    //   and   /   determine    the   points  of  contra  (!• 
The    portions   C//    and    ID    arc    -trained    a-    cantilever-,   the    Upper 
being  in  tension,  while  the  part  ///  is  strained  as  a  supported  girder,  with 
tension  on  lower  side. 

The  Bm  curve  for  a  movingload  (e.g., that  on  a  travelling-crane  giro 

parabolic,  with  a  maximum  at  center  equal  to  -j-. 

Shear  Stresses.  The  vertical  shear  >«tre>s  <  au-ed  by  a  concentrated 
load  is  represented  by  the  ordmates  of  a  rectangular  area  having  a  length  =» 
dist.  from  point  of  support  to  point  of  max.  Iim.  and  a  height  =  reaction 
at  point  of  support.  The  vert,  shear  sir.-.--  caused  by  a  uniformly  dis- 
tributed load  is  represented  by  the  ordinates  of  a  right  -angled  triangular 
area  having  base  as  above,  and  height  at  point  of  supoort  —  react. 

that  point.  Thus,  in  Fig.  .">. 
rectangles  1234  and  2667 
15  are  for  concentrated  load  H", 
(see  Fig.  4),  and  triangles 
189  and  9107  for  di-trib- 
uted  load  W.  The  algebraic 
sum  of  the-e  areas  gives  areas 
1  11  12  and  12  13  14  l.">  7  12, 
any  ordinate  of  which  shows 
the  vertical  shear  stre.-s  of  the 
combined  loads  at  the  point 
where  ordinate  is  en 
Heights  1  4,  ii  7  and  1  11, 
7  !.">  represent  the  reactions 
or  proportions  of  U'i  and  W 
;ined  by  the 
point-  of  support. 

Horizontal  shear  stress. 
If  a  summation  of  the  hori- 
zontal forces  (tensile  and  com- 
pre.-.-ive)  i-  taken .  proceeding 
from  the  upper  or  lower  fibre 
to  the  neutral  axis,  it  will  l)e 
found  that  the  max.  h.»r.  >hear 
LB  at  the  neutral  a\i-. 
and,  in  a  rectangular  beam,  at 
any  -ei-tion  •  Max.  h-.r 
sires-  (3  :•:  Vert,  .-hear  at 
the  section  con-idere. 

where  b  and  d  arc  breadth  and  depth  of  beam.  In  long  !>eam-  the  -hear 
is  small  compared  with  the  bending  stress  and  i-  fully  taken  care  of  by  the 
surplus  section;  in  short  beam-  it  -should  be  considered. 

riinliniiniis  Iteauis.  >  Keactioi,:,  on  support.-  ij.  term-  <  f  JI',,  the  uni- 
form load  on  each  span.) 


Fig.  5. 


COMBINED    STRESSES. 
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3  supports 
4 
5 
6 
7 
8 
9 
10 

3 

4 
11 
15 
41 
56 
152 
209 

10 
11 
32 
43 
118 
161 
440 
601 

3 
11 
26 
37 
108 
137 
374 
511 

209 

each  X  Tr,  ~-   S 
-s-  10 
+  28 
+  38 
4-104 
+  142 
+  388 
'  +530 

4 
32 
37 
106 
143 
392 
535 

11 
43 

108 
143 
386 
529 

15 
118 
137 
392 
529 

41 
161 
374 
535 

56 

440 
511 

152 
601 

The  Allowable  Deflection  for  cantilevers  is  ^g  in.  per  foot  of  span,  and 
4lo  in.  per  ft.  of  span  for  girders. 

fieams  of  Uniform  Strength  (Rectangular  Section). — With  constant 
breadth,  the  depth  varies  as  the  ordinates  of:  I,  a  semi-parabola  with  ver- 
tex at  loaded  end;  II,  a  triangle,  base  at  fixed  end;  II!  and  IV,  two  semi- 
parabolas,  vertices  at  support*,  liases  joining  at  load  point;  V,  a  semi- 
ellipse.  With  constant  depth  the  breadth  varies  as  the  ordinates  of:  I,  a 
triangle,  base  at  fixed  end;  II,  distance  between  two  convex  parabolas 
whose  vertices  touch  at  free  end:  III  and  IV,  two  triangles,  bases  at  load 
point:  V,  distance  between  two  symmetrical  concave  parabolas  intersect- 
ing at  points  of  support.  (I,  II,  III,  etc.,  refer  to  conditions  of  loading 
under  the  heading  of  Bending  Moment  and  Deflection  of  Beams,  ante.) 

Strength  of  Circular  Flat  Plates  of  Radius  r  (Grashof).— Plate  sup- 
ported at  circumference  and  uniformly  loaded:  /=0,833pr"  +  <2.  Same  load- 
ing, plate  fixed  at  circumference:  f  =  0.666pr2+^.  Plate  supported  at  cir- 
cumference, loaded  centrally  with  ?r  (of  radiusrO:  /=  (^1.333  log ^  v~2- 

Strength  of  Square  and  Rectangular  Flat  Plates,  Uniformly  Loaded 
(rnwm). — Rectangular  plate,  fixed  at  edges:  f  =  0.5b2l4p-^-(b4  +lA)t'',  where 
6  =  breadth  and  -  =  iength  of  plate  in  in.  Square  plate,  fixed  at  edges: 
/  =  0.25r>s  +r,  where  s  =  side  in  in.  Surface  supported  by  stays:  /  = 
0.222ps  +  /~,  where  *=  distance  in  in.  between  the  centers  of  stays,  which 
are  arranged  in  rows,  /-^working  stress  in  Ibs. 

Strength  of  Flat  Stayed  Surfaces.     (See  Steam  Boilers.) 

Strength  of  Laminated  Steel  Springs.    u'=~^r-     Deflection,  J  =  -^, 

where  w  =  max.  static  load  on  one  end  of  a  semi-elliptic,  or  }  max.  load  on 
full  elliptic  spring;  /^allowable  stress  in  Ibs.  per  sq.  in.  (varying  accord- 
ing to  homogeneity  and  temper)  =  90,000  for  i-in.  plates,  80,000  for  1-in., 
and  75,000  for  i-in.;  n  =  no.  of  plates;  I  =  half  span  in  ins.;  £  =  30,000,000. 
(Reuleaux  and  Gaines.) 

Combined  Stresses. 

Rending  and  Tension  (Load  parallel  to  axis  at  distance  r). — Bending 
action -=«•,- =  /(.&  =  /((•>>';  tensile  action  =w  = //a.  Combined  max.  tensile 

on  edge  nearest  axis  of  w  =  ft'  =  w( — h-^V     (See  Modulus  of  Rup- 

\a      C(S/ 
ture.) 

Strength  of  Crane  Hooks.      »•     <ibj,~-C,    where    a     radius   of   inside 
of  hook  or  sling,  h  =  breadth  of  hook  on  nor.  section  through  center  of  inside 
hook  circle,  6  =  thickness  of  section,  10  =  load  in  Ibs.,  /<  safe  — 13,000  to 
17,000  lb*. 
Values  of  C: 


Rectangular  section, 
Trapezoidal  section, 

Klliptical 


C-IL'.O 
C=i:> 
C  =  21.5 


1.5 
7.25 
x  p»i 
12.58 


2 

5.07 
642 

8.89 


2.5 
3.92 
5.06 
6.92 


3  4 

3.22  2.41 

4.18  3.28 
5.73 


Distance  from  center  of  hook  circle  to  shoulder  on  bolt  end  =  2A.     I  Mam. 


of  bolt  end 


,-/ 


4,267 


In  trapezoidal  sections,  the  wide  edge  b  should 


be  next  to  rope  or  chain ;  narrow  edge  61  =  6  +  ( — *" 1 )  • 

(Ing.  Taschenbuch). 


30  STHKNGTH    OF    MATKHI  \  T,S. 

Towne  gives  the  following  proportions:  Nork  '/  (taken  as  unit);  turned 
shank  n.x?//;  *'ing  <liam.  =  1.65</;  diarn.  of  tip  on  hor  <liam.  <.f  sling- 
0.7rf;  radial  width  of  flattened  wedffe  section  on  hop.  '•ling  diam.  1.  •!«•/; 
thickness  of  inner  wedge  edge  =  O.K7."«/;  do.,  outer  edtrc  o.ii.V/;  width  at 
rm,uth  of  sling=1.25<f.  Safe  dead  load  in  Ibs.  =  l.SOOrf2,  where  d  is  in 
inches. 

Reuleaux  gives  the  following:  -"  1  0"x/,  =  0.039^1*  =  A  —  1.56  =  2  Xdj.-un- 
of  hook  tip  on  hor.  line  through  c  of  lio«,k  sling,  1.33  •  width  at  hook 
opening.  These  values  agree  fairly  well  with  the  Taschenbuch  formulas 

(taking/j  =  13,000).       /Compare  wit  li  formula  /,     u'~4~u 


Compression.     Substitute  }e  for  //in  formulas  for  bend- 
ing and  tension.     Example:   ship's  davits. 

Columns  and  Struts.  While  these  are  cases  involving  bending  and 
compression,  their  action  is  more  complex.  Where  l<12d  th,  \  are  «  :tl- 
culated  for  direct  crushing  only;  longer  columns  bend  before  breaking. 

Gordon's  Formulas.      /  breaking  =  —  ^-rr-,  b°tn  en(*8  ^xe<^ 


1 • j3 — ,  one  end   fixed,  other 

1  +  1.86  (— )     tinged  or  round ; 

—     a  >e    ,  both    ends   hinged    or 


where  i=length  in  ins.,  r=Ieast  radius  of  gyration,  and  a  and  &  are  as 
follows: 

a.  b. 


80,000       g-^ 
*\(\  OHO  40  oftfi          — 

IAm.  Bridge  Co.  Practice, 
Safe  values. 

W.  I.  and  very  soft  steel.  . 
Medium  Steel  

3G.OOC  -40,000  36t(K)(i 

67'°°°       22^00 
"4,000       j^ 

7^00                               g^ 

f        15'°°°       13^00 
irnno 

Hard  Steel  

Soft  SteeL".  

Medium  Steel.  . 

TH           rlh    \  —  t  (Breaking)  in  Ibs.  per  sq.  in.  Xarea  of  section  in  sq.  in. 

Factor  of  safety. 

For  W.  I.  and  steel,  factor  of  safety  =  4  for  dead  load,  and  5  for  moving 
load.     For  C.  I.  not  less  than  8. 

Prof.  Lanza  states  as  the  result  of  experiments  that  Cordon's  formulas 
do  not  apply  in  the  case  of  cast-iron  columns,  and  he  recommends  5,000 
Ibs.  per  sq.  in.  as  the  highest  allowable  safe  loading,  the  length  of  column 
not  to  exceed  20  times  its  diameter  and  the  metal  to  be  of  thickness  suffi- 
cient to  insure  sound  castings. 

Eccentric  Loading.     When  the  resultant  of  the  load  does  not 
through  the  c.  of  g.  of  the  section,  let  r  =  distance  between  resultant  and 
c.  of  g.  of  section;  /  its  moment  of  inertia  about  an  axis  in  its  plane  pass- 
ing through  the  c.  of  g.  and  perpendicular  to  r;  j/  =  distance  between  said 
axis  and  fibre  under  greatest  compression;   if  =  total  pressure  on  section. 

Then  /=  —  r-—r-»     Assume  a  section,  compute  /,  and  if  it  exceeds  safe 

n        I 
value  (5,000  for  C.  I.)  assume  another  section  and  compute  /  until  a  safe 
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value  is  found.  Eccentric  loading  in  buildings  is  due  to  the  unequal  dis- 
tribution of  loads  on  floors.  If  liable  to  occur  only  in  rare  cases,  /  may  be 
taken  at  8,000  Ib.  per  sq.  in.  for  C.  I. 

Safe  Loads  for  Round  and  Square  Cast  Iron   Columns.     (City 

Building  Laws,  1897.)    Safe  load  in  tons  of  2,000  lb.=     Ca  '    . 

1+W 

New  York.       Boston.      Chicago. 
C  (round  or  sq.)  ..........  =     8  5  5 

b  (square)  ...............  =500  1,067  800 

b  (round).  ..............  =400  800  600 

Resistance  of  Hollow  Cylinders  to  Collapse.     (See  Furnace  Flues 
under  "Steam  Boilers.") 

Torsion  and  Bending.    This  combination  of  stresses  exists  to  a  greater 
or  less  extent  in  all  shafting.     Equivalent  twisting  moment  =  2  X  equiva- 


lent bending  moment  =  -Bm+'V5m2  +  Tm2,  where  Tm  =  twisting  moment^ 


Torsion  and  Compression.     (Propeller   shaft.) 

safety  factor  of  5  should  be  used. 

Modulus  of  Rupture.  The  ultimate  stress  obtained  from  the  momental 
formula  in  breaking  a  solid  beam  by  bending  will  usually  be  found  much 
greater  than  ft  breaking.  Modulus  of  Rupture  /r  =  c/<,  where  c  generally  =  2 
For  circular  and  square  (one  diagonal  vertical)  sections,  1.5  for  square  and 
rectangular  sections,  and  unity  for  I  and  T  sections.  The  values  of  c 
depend  however  on  the  material:  Rectangular  sections;  Fir,  0.52  to  0.94; 
Oak,  0.7  to  1;  Pitch-pine,  0.8  to  2.2;  C.  I.,  2;  W.  I.,  1.6;  Forged  steel, 
1.47;  Gun  metal,  1.  Circular  sections:  C.  I.,  2.35;  W.  I.,  1.75;  Forged 
steel,  1.6;  Gun  metal,  1.9.  I  sections:  C.  I.,  l  +  (web  thickness  -5-  flange 

CARNEGIE  ROLLED  STRUCTURAL  STEEL. 

In  the  following  tables,  w  =  weight  in  Ibs.  per  lineal  foot,  a  =  area  of  sec- 
lion  in  sq.  in.,  h  =  depth  of  beam  or  channel  in  in.,  6  =  width  of  flange  in 
in.,  t  =  thickness  of  web  in  in. 
x,  xi,  X2  =  distance  between  c.  of  g.  of  section  and  (1)  outside  of  channel  web; 

(2)  outside  of  flange  on  T;  (3)  back  of  flange  of  equal  leg  angle. 
7,  r,  S=  Moment  of  inertia,  radius  of  gyration  and  section  modulus,  where 
Neutral  axis  is  perpendicular  to  web  at  center  (Beams  and  chan- 

nels). 

"  parallel  to  longer  flange  (Unequal  leg  angles). 
"  through  c.  of  g.  parallel  to  flange  (Ts  and  equal  leg 

angles). 

'  Ihrough  c.  of  g.  perpendicular  to  web  (Zs). 
/',  »*=*  Moment  of  inertia  and  radius  of  gyration,  where 

Neutral  axis  is  coincident  with  center  line  of  web  (Beams). 
"  parallel  to  center  line  of  web  (Channels). 

**  shorter  flange  (Unequal  leg  angles). 
"    "  through  c.  of  g.  coincident  with  stem  (Ts). 
"    "        .......  •          "  "     web(Zs). 

r^  —  Least  radius  of  gyration,  neutral  axis  diagonal. 
o'--=  Section  modulus,  where 

Neutral  axis  is  through  c.  of  g.  coincident  with  stem  (Ts). 

44     web(Zs). 

'  4  parallel  to  shorter  flange  (Unequal  leg  angles). 

C=  Coefficient  of  strength  for  fibre  stress  of  16,000  Ibs.  per  sq.  in.  for 
beams,  channels,  and  Zs,  and  12,000  Ibs.  per  sq.  in.  for  Ts. 

8/S 
C-  WL"8Af  =  ~-,  where  /=  12,000  to  16,000  Ibs.;  J»/  =  moment  of  forces 

in  ft.-lbs.,  TF  =  safe  uniformly  distributed  load  in  Ibs.,  L  =  span  in  feet. 
For  concentrated  load  at  middle  of  span  use  one-half  the  value  of  C  in  the 
tables.  For  quiescent  loads  /=  16,000  Ibs.  per  sq.  in.;  for  moving  loads, 
12,500  Ibs.,  and,  if  impact  is  considerable,  /  =  8.000  Ibs. 

For  columns  or  struts  consisting  of  two  latticed  channels,  r  of  column 
-ection  (neut.  axis  in  center  of  section  |[  to  webs)  =  distance  between  c.  of  g. 
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STRENGTH 


M  V.TER1 


of  channel  and   rontr-r  «.f 


around  their  own  axes,-    a  .-'i-'ht  error  on  th<-  safe  side). 


(Sizes  with 


«!ie   If  of  rhannji 


Carneirir  Sf«-.d  I 

prefixed  are  standard,  others  arc- 


h. 

w. 

a. 

t. 

6. 

7. 

/'. 

r. 

r'. 

S. 

C. 

24  in. 

100 

29.41 

0.75 

7.25 

2380.3 

48.56 

9 

.38 

198.4 

95 

27.94 

.0!) 

7.19 

17.1 

9.09 

..-i 

192.5 

go 

26.47 

.63 

7.13 

22:i(>.l 

45.7 

9.2 

.31 

L9903 

85 

25 

.57 

7.07 

2168.6 

44.35 

.  33 

* 

80 

23.32 

.50 

7 

2087  !9 

42.86 

9.46 

174 

20 

100 

29.41 

.88 

7.28 

1655.8 

52.65 

95     |27.    4 

.81 

7.21 

50.78 

7.58 

:oo.  7 

90      26.47 

.7' 

7.14 

is  .  ox 

.36    156.8 

166164 

X5      _'.-, 

.ti'l 

7.0(i 

17.26 

7.77 

* 

80      23.73 

.00 

7 

in  id  r, 

45.81 

(0.7 

7.-,       22.00 

6.40 

-id.  2.-, 

L26  9 

70     120.59 

.58 

6.3211219  9  20  01 

7.7 

.19 

122 

i:;oi2< 

* 

I,.',       19.08 

.50 

0.2.-, 

1109.027.86 

7.83 

.21 

117 

1247601 

18 

70 

20.59 

.72 

6.26 

021    :<  24    (.2 

6.60     .««* 

102.4 

1091900 

65 

19.12 

.04 

6.18 

881.5i23.47 

6.79 

.11 

L  044800 

60 

17.65 

.36 

6.09 

Ml    S22.38 

6.91 

13 

007700 

* 

55 

15.93 

.46 

6 

7!'.-,.  021.  19 

7.07     .15 

88.4 

943000 

15 

100      29.41 

1.18 

6.77 

900.550.98 

5.53 

.31 

120.1 

95      27.94 
90      26.47 

1.09 
.99 

6.68 
6.58 

872.948.37 
845.445.91 

5.59 
5.65 

.  32 
.32 

116.4 

85      25 

.89 

6.48 

817.843.57 

5.72 

.32 

109 

1  103000 

* 

80      23.81 

.81 

6.4 

795.5 

41.76 

5.78 

.32 

106.1 

1131300 

75      22.06 

.88 

6.29 

691.2 

30.68 

5.60 

.18 

92.2 

US3000 

70      20.59 

.78 

6.19 

663.6 

29 

5.68 

.19 

88.5 

94MSOO 

05      19.12 

.69 

6.1 

636 

27.42 

5.77 

.2 

84.8 

* 

60     |17.67 

.59 

6 

609 

25.96 

5.87 

.21 

M    2 

866100 

55      16.18 

.66 

5.75 

511 

17  06 

5.62 

.02 

68.1 

50 

14.71 

.56 

5.65 

483.4 

16.04 

5.73 

.04 

64.5 

45 

13.24 

.46 

5.55 

455.8 

15.00 

5.87 

.07 

60.8 

* 

42       12.48 

.41 

5.5 

441.7 

14.62 

5.95 

.08 

58.9 

62X300 

12 

55 

16.18 

.82 

5.61 

321 

17.46 

4.45 

.04 

53.5 

570600 

50 

14.71 

.70 

5.49 

303.3 

16.12 

4.54 

.05 

50.6 

539200 

45 

13.24 

.58 

5.37 

285.7 

14.89 

4.65 

.06 

47.6 

507900 

* 

40 

11.84 

.46 

5.25 

268!  9 

13.81 

4.77 

1.08 

44.8 

478100 

35 

10.29 

.44 

5.09 

228.3 

10.07 

4.71 

38 

40.-..SOO 

* 

31.5 

9.26 

.35 

5 

215.8 

9.50 

1.01 

36 

3X3700 

10 

40 

11.76 

.75 

5.10 

158.7 

9.50 

3  .  07 

.90 

35 

10.29 

.60 

4.95 

146.4 

8.52 

:<  .  77 

.91 

312400 

30 

S.S2 

.46 

4.8 

134.2 

7.65 

3.9 

.90 

* 

25 

7.37 

.31 

4.r,«, 

122.1 

0  .  SO 

4.07 

.97 

21    4 

L'00.-,00 

9 

35 

10.29 

.73 

4.77 

111.8 

7  .  :<  1 

3.29 

24  .  8 

30 

X.S2 

.57 

4.61 

101.9 

0.42 

3.4 

.85 

22.0 

2  11.  '.I  tO 

25 

7.35 

.41 

4.45 

ftl.lt 

.-,.<•,:, 

:*  .  r,  i 

.88 

217000 

* 

21 

6.31 

.29 

4.33 

84.9 

5.10 

.90 

8 

25.5 

7.50 

.54 

4.27 

68.4 

4.75 

3  n2 

.80 

17.  1 

182500 

23 

6.76 

.45 

4.18 

64.5 

.81 

Hi.  1 

172000 

20.5 

6  03 

.36 

4.09 

60.6 

1.07 

3.17     .82 

1  :,    1 

1C,  11,00 

* 

18 

5.33 

.27 

4 

:,*;  (t 

3.7S 

:i  27     ..M 

14.2 

151700 

7 

20 

5.8S 

.46 

3.87 

42.2 

.71 

12.1 

12^'iOO 

17.5 

5.15 

.:::. 

2  91 

2.70     .70 

11.2 

110400 

* 

15 

4.42 

.25 

36.2 

2.67 

10.4 

110400 

6 

17i 

5.07 

.48 

26.2 

2.36 

2.27 

8.7 

93100 

14i 

4.34 

3.45 

24 

2.09 

2.35     .00 

8 

* 

12i 

3.61 

.23 

3.33 

21.8 

1.85 

2.40     .72 

7.3 

77600 

5 

14i 

4.34 

.50 

3.291     15.2 

1.7 

1.87     .63 

0.1 

&4000 

12-. 

3.60 

.36 

3.15 

13.6 

1.45 

1.94 

.63 

5.4 

* 

9l 

2.87 

.21 

o 

12.1 

1.23 

2.05 

.65 

4.8 

61600 
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Carnegie  Steel  I  Beams. — Continued. 


h. 

u>. 

a. 

t. 

6. 

/. 

/'. 

r. 

r\ 

S. 

C. 

4  in. 

10.5 

3.09 

.41 

2.88 

7.1 

1.01 

1.52 

.57 

3.6 

38100 

9.5 

2.79 

.34 

2.8 

6.7 

0.93 

1.55 

.58 

3.4 

36000 

8.5 

2.5 

.26 

2.73 

6.4 

.85 

1.59 

.58 

3.2 

33900 

# 

7.5 

2.21 

.19 

2.66 

6 

.77 

1.64 

.59 

3 

31800 

8 

7.5 

2.21 

.36 

2.52 

2.9 

.60 

1.15 

.52 

1.9 

20700 

6.5 

1.91 

.26 

2.42 

2.7 

.53 

1.19 

.52 

1.8 

19100 

* 

5.5 

1.63 

.17 

2.33 

2.5 

.46 

1.23 

.53 

1.7 

17600 

Carnegie  Steel  Channels. 

(Sizes  with  *  prefixed  are  standard,  others  are  special.) 


h. 

ir. 

a. 

t. 

b. 

/. 

/'. 

r. 

r>. 

S. 

C. 

X. 

15  in. 

65 

16.18 

0.82 

3.82 

430.2 

12.19 

5.16 

0.868 

57.4 

611900 

0.823 

50 

14.71 

.72 

3.72 

402.7 

11.22 

5.23 

.873 

53.7 

572700 

.803 

45 

13.24 

.62 

3.62 

375.1 

10.29 

5.32 

.882 

50 

533500 

.788 

40 

11.76 

.52 

3.52 

347.5 

9.39 

5.43 

.893 

46.3 

494200 

.783 

35 

10.29 

.43 

3  .  43 

320 

8.48 

5.58 

.908 

42.7 

455000 

.789 

* 

33 

9.9 

.40 

3.40 

312.6 

8.23 

5.62 

.912 

41.7 

444500 

794 

12 

40 

11.76 

.76 

3.42 

197 

6.63 

4.09 

.751 

32.8 

350200 

.722 

35 

10.29 

.64 

3.3 

179.3 

5.9 

4.17 

;757 

29.9 

318800 

694 

30 

8.82 

.51 

3.17 

161.7 

5.21 

4.28 

.768 

26  9 

287400 

.677 

25 

7.35 

.39 

3.05 

144 

4.53 

4.43 

.785 

24 

256100 

.678 

* 

20. 

5 

6.03 

.28 

2.94 

128.1 

3.91 

4.61 

.805 

21.4 

227800 

.704 

10 

35 

10  29 

.82 

3.18 

115.5 

4.66 

3.35 

.672 

23.1 

246400 

.695 

30 

8.82 

.68 

3.04103.2 

3.90 

3.42 

.672 

20.6 

220300 

.651 

26 

7.35 

.53 

2.89 

91 

3.40 

3.52 

.680 

18.2 

194100 

.62 

20 

5.88 

.38 

2.74 

78.7 

2.85 

3.66 

.696 

15.7 

168000 

.609 

* 

15 

4.46 

.24 

2.6 

66.9 

2.30 

3.87 

.718 

13.4 

142700 

.639 

9 

25 

7.35 

.62 

2.82 

70.7 

2.98 

3.10 

.637 

15.7 

167600 

.615 

20 

5.88 

.45 

2.65 

60.8 

2.45 

3.21 

.646 

13.5 

144100 

.585 

15 

4.41 

.29 

2.49 

50.9 

.95 

3.40 

.665  11.3 

120500 

.59 

* 

13- 

3.89 

.23 

2.43 

47.3 

.77 

3.49 

.674  10  5112200 

.607 

8 

21^ 

6.25 

.58 

2.62 

47.8 

.25 

2.77 

.6 

11.9  127400 

.587 

18^ 

5.51 

.49 

2.53 

43.8 

.01 

2.82 

.603  11 

116900 

.567 

16 

4.78 

.40 

2.44 

39.9 

.78 

2.89 

.610  10 

106400 

.  550 

13j 

4.04 

.31 

2.35 

36 

.55 

2.98 

.619   9 

P6000 

.557 

* 

iV 

3.35 

.22 

2.26 

32.3 

.33 

3.11 

.63 

8.1 

86100 

.576 

7 

19 

5.81 

.63 

2.51 

33.2 

.85 

2.39 

.665 

9.5 

101100 

.583 

17 

5.07 

.53 

2.41 

30.2 

.62 

2.44 

.  564 

8.6 

92000 

555 

1  14: 

4.34 

.42 

2.3 

27.2 

.40 

2.50 

568 

7.8 

82800 

.535 

12^ 

3.60 

.32 

2.2 

24.2 

.19 

2.59 

.575 

6.9 

73700 

.528 

* 

9 

2.85 

.21 

2.09 

21.1 

.98 

2.72 

.586 

6 

66800 

.546 

6 

15 

6 

4.56 

.56 

2.28 

19.5 

1.28 

2.07 

.529 

6.5 

69500 

.640 

13 

3.82 

.44 

2.16 

17.3 

1.07 

2.13 

.  529 

5.8 

61600 

.517 

10 

6 

3.09 

.32 

2.04 

15.1 

.88 

2.21 

.534 

5 

53800 

.503 

* 

8 

2.3S 

.20 

1.92 

13 

.70 

2.34 

.  542 

4.3 

46200 

.517 

5 

11 

6 

3.38 

.48 

2.04 

10.4 

.82 

1.75 

.493 

4.2 

44400 

.508 

9 

2.65 

.  33 

.89 

8.9 

.64 

1.83 

.493 

3.5 

37900 

.481 

* 

6 

5 

1.95 

.19 

.75 

7.4 

.48 

1.95 

.498 

3  . 

31600 

.489 

4 

71 

2.  IS 

.33 

.73 

4.6 

.44 

1.46 

.455 

2.3 

24400 

.463 

6< 

t 

.84 

.25 

.65 

4.2 

.38 

1.51 

.454 

2.1 

22300 

* 

5 

r 

.55 

.18 

.58 

3.8 

.32 

1.56 

.453 

1.9 

20200 

.464 

3 

6 

.76 

.36 

.6 

2.1 

.31 

1.08 

.421 

1.4 

14700 

.459 

5 

.47 

.26 

.5 

1.8 

.25 

1.12 

.415 

1.2 

13100 

.443 

* 

4 

.19 

.17 

.41 

1.6 

.20 

1.17 

.409 

1.1 

11600 

.443 
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T    Sli.-.pvs      S.-l.-rtnl    . 


I  Inner 

XBtem, 
ia*. 

11  . 

0. 

r,. 

/ 

r. 

/  . 

r'. 

C. 

4X5 

15.7 

4.56 

1.56 

10.7 

3.10 

.54 

2.8 

1.41 

0.79 

4X5 

12  :; 

i  :,i 

8.5 

56 

_'   1 

1    Oli 

104  Hi 

4X4* 

1  t   s 

4.29 

L37 

8 

37 

1    11 

81 

4X4 

13  ii 

4.02 

1.18 

:,   7 

2  112 

2 

2.8 

1    I 

si 

3X4      10.  6 

3.12 

1    :;_' 

\    s 

1    7s 

25 

1    (10 

.72 

.60 

1  1270 

3X4 

9.3 

•_'   73 

1  2!» 

4.3 

1    :.7 

26 

.62 

3X3* 

9.8 

2.88 

1.11 

3.3 

IIS 

1.31 

.88 

.68 

3X3* 

8.6 

2.49 

1    00 

2.9 

1.21 

09 

.•il 

9680 

3X3 

9 

2.67 

.92 

2.  1 

101 

,9 

1  .(IS 

.72 

8110 

2< 

rX3 

6.2 

.8 

.92 

1.6 

..-.1 

2 

rX2f 

5.9 

71 

.83 

1.2 

.6 

.44 

.35 

51 

4830 

2J 

rX2* 

5.6 

62 

.74 

.87 

.5 

.71 

.44 

.52 

4000 

-'i 

rX2* 

6 

.44 

.69 

.66 

.42 

.68 

.  33 

.30 

.48 

2 

>X2*  j  4.2 

.2 

.66 

.51 

.32 

.67 

.25 

.22 

.47 

^ 

5X2        3.7 

.08 

.59 

.36 

25 

.6 

.18 

.18 

.42 

1) 

•XI* 

3.2 

.9 

.54 

.23 

.19 

.51 

.12 

.1  J 

.37 

I 

rxil 

2.6 

.75 

.42 

.15 

.14 

.49 

.08 

.10 

.34 

1150 

H 

Xlf 

2 

.54 

.44 

.11 

.11 

.45 

.06 

.07 

.31 

860 

1 

Xll 

2.1 

.60 

.40 

.08 

.10 

.36 

.05 

.07 

.-~ 

760 

1X1 

1.23 

.36 

.32 

.03 

.05 

.29 

.02 

.04 

.21 

370 

1X1 

0.87 

.26 

.29 

.02 

.03 

.29 

.01 

.02 

.21 

270 

Carnoiric   Steel    Angles   with    Kqual 

Max.  and  Min.  \Vts.     S;><-i-i;il  >\/A«  marked  *. 


Size. 

t. 

w. 

a. 

X2. 

L 

r. 

r". 

8X8 

It 

56.9 

16.73 

2.41 

97.97 

17.53 

2.42 

1.55 

8X8 

i 

26.4 

7.75 

2.19 

48.63 

8.37 

2.5 

6X6 

1 

37.4 

11 

.86 

35.46 

.s 

1.16 

6X6 

1 

14.9 

4.36 

.114 

15.39 

3.53 

1.19 

*5X5 

1 

30.6 

9 

.61 

19.64 

5.8 

.48 

0  9>i 

*5X5 

i 

12.3 

3.61 

.39 

s  74 

2.42 

.56 

.99 

4X4 

H 

19.9 

5.84 

.29 

8.14 

3.01 

.18 

.77 

4X4 

A 

8.2 

2.4 

.12 

3.71 

1.29 

.24 

.79 

3*X3* 

8 

17.1 

5.03 

.17 

:.  _'." 

2.25 

02 

.67 

3*X3* 

i 

7.2 

2.09 

[99 

2.45 

.98 

IIS 

.69 

3X3 

11.5 

3.36 

.98 

2.62 

1.3 

.88 

.57 

3X3 

4.9 

1.44 

.84 

1    -f 

.58 

.93 

.59 

*2; 

^x2 

8.5 

2.5 

.87 

1  .67 

.89 

.82 

.52 

*2: 

X2 

4.5 

1.31 

.78 

.48 

.85 

2 

rX2 

7.7 

2.25 

.81 

1.23 

.73 

.74 

•JJ 

rX2 

JL 

3.1 

.9 

.69 

.:.-. 

.30 

.78 

*L>J 

X2 

i' 

2 

.71 

.87 

.58 

.66 

.43 

*L> 

X2 

j 

2.8 

.81 

.-'1 

.70 

.44 

I 

5X2 

is 

5.3 

1  .56 

.40 

.59 

.39 

2X2 

2.5 

.72 

67 

.28 

.19 

.40 

XI* 

_L 

4.6 

1.3 

.30 

.33 

1 

xH 

T\ 

2.2 

.-r,i 

Is 

.14 

.54 

.35 

XH 

jl 

3.4 

.99 

51 

.19 

.19 

44 

.29 

1 

| 

1.3 

.  3K 

.08 

.07 

1 

xH 

JL 

.  IJ 

.09 

.  lO'.l 

.36 

1 

xi| 

JL 

1.1 

.3 

.  3.1 

.044 

.04!) 

xl 

Jj. 

1.5 

.  H 

.34 

.037 

.15) 

1X1 

JL 

.8 

.24 

.31 

**x 

W 

1.0 

29 

.019 

is 

*}x 
}x 

J 

.9 

.21 

.  :.'.-> 

.-'C, 
.1''. 

.012 

.024 

.19 
.16 

lx 

r 

.6 

.17 

.23 

.009 

.017 

.23 

.17 
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Carnegie  Steel  Angles  with  Unequal  Legs. 

Max.  and  Min.  Wts.     Special  Sizes  marked  *. 


Size. 

/. 

IP. 

a. 

7. 

If. 

S. 

S'. 

r. 

r'. 

r" 

*8X3* 

ii 

20.5 

6.02 

4.92 

39.96 

1.79 

7.99 

0.9 

2.58 

0.74 

*7X3* 

1 

32.3 

9.5 

7.53 

45.37 

2.96 

10.58 

.89 

2.19 

.88 

*7X3* 

A 

15 

4.4 

3.95 

22.56 

1.47 

5.01 

.95 

2.26 

.89 

6X4 

i 

30.6 

9 

10.75 

30.75 

3.79 

8.02 

1.09 

.85 

.85 

6X4 

i 

12.3 

3.61 

4.9 

13.47 

1.6 

3.32 

1.17 

.93 

.88 

6X3* 

i 

28.9 

8.5 

7.21 

29.24 

2.9 

7.83 

.92 

.85 

.74 

6X3* 

1 

11.7 

3.42 

3.34 

12.86 

1.23 

3.25 

.99 

.94 

.77 

*5X4 

i 

24.2 

7.11 

9.23 

16.42 

3.31 

4.99 

1.14 

.52 

.84 

*5X4 

I 

11 

3.23 

4.67 

8.14 

1.57 

2.34 

1   2 

.59 

.86 

5X3* 

i 

22.7 

6.67 

6.21 

15.67 

2.52 

4.88 

!96 

.53 

.75 

5X3* 

A 

8.7 

2.56 

2.72 

6.6 

1.02 

1.94 

1.03 

.61 

.76 

5X3 

11 

19.9 

5.84 

3.71 

13.98 

1.74 

4.45 

.80 

.55 

.64 

5X3 

JL 

8.2 

2.4 

1.75 

6.26 

.75 

1.89 

.85 

.61 

.66 

*4A  X  3 

11 

18.5 

5.43 

3.6 

10.33 

1.71 

3.62 

.81 

.38 

.64 

*4*X3 

JL 

7.7 

2.25 

1.73 

4.69 

.76 

1.54 

.88 

.44 

.66 

*4X3* 

|| 

18.5 

5.43 

5.49 

7.77 

2.30 

2.92 

1.01 

.19 

72 

*4X3* 

A. 

7.7 

2.25 

2.59 

3.56 

1.01 

1.26 

1.07 

.26 

.73 

4X3 

U 

17.1 

5.03 

3.47 

7.34 

1.68 

2.87 

.83 

.21 

.64 

4X3 

iV 

7.2 

2.09 

1.65 

3.38 

.74 

1.23 

.89 

.27 

.65 

3*X3 

ll 

15.8 

4.62 

3.33 

4.98 

1.65 

2.20 

.85 

.04 

.62 

3*X3 

A- 

6.6 

1.93 

1.58 

2.33 

.72 

.96 

.90 

.1 

.63 

3*X2* 

ti 

12.5 

3.65 

1.72 

4.13 

.99 

1.85 

.67 

.06 

.53 

3*X2* 

•j- 

4.9 

1.44 

.78 

1.80 

.41 

.75 

.74 

.12 

.54 

*3iX2 

A 

9 

2.64 

.75 

2.64 

.53 

1.30 

.53 

.44 

*3iX2 

i 

4.3 

1.25 

.4 

1.36 

.26 

.63 

.57 

.04 

.45 

3X2* 

9.5 

2.78 

1.42 

2.28 

.82 

1.15 

.72 

.91 

.52 

3X2* 

.j 

4.5 

1.31 

.74 

1.17 

.40 

.56 

.75 

.95 

.53 

*3X2 

.  i 

7.7 

2.25 

.67 

1.92 

.47 

1.00 

.55 

.92 

.43 

*3X2 

^. 

4.1 

1.19 

.39 

1.09 

.25 

.54 

.57 

.95 

.43 

2*X2 

Z 

6.8 

2 

.64 

1.14 

.46 

.70 

.56 

.75 

.42 

2*X2 

i3s 

2.8 

.81 

.29 

.51 

.20 

.29 

.60 

.79 

.43 

*2JX1* 

* 

5.6 

1.63 

.26 

.75 

.26 

.54 

.40 

.68 

.39 

*2*X1* 

A 

2.3 

.67 

.12 

.34 

.11 

.23 

.43 

.72 

.40 

*2X1* 

2.7~ 

.78 

.12 

.37 

.12 

.23 

.39 

.63 

.30 

*2Xlf 

3 

2.1 

.60 

.09 

.24 

.09 

.18 

.40 

.63 

.31 

*1*X1 

i 

1.9 

.53 

.04 

.09 

.05 

.09 

.27 

.41 

.22 

*1|X1 

* 

1 

.28 

.02 

.05 

.03 

.06 

.29 

.44 

.22 

Carnegie  Steel  Z  Bars. 

(Dimensions;    thickness X width  of  flange X depth  of  web.) 


Dimensions. 

to. 

a. 

7. 

r. 

S. 

-S'. 

r. 

r'. 

r" 

C. 

|X3*  X6 

15.6 

4.59 

25.32 

9.11 

8.44 

2.75 

2.35 

.41 

0.83 

90000 

AX3AX6TV  18.3 
™X3$  X6*    21 

5.39 
6.19 

29.8 
34.36 

10.95 

12.87 

9.83 
11.22 

3.27 
3.81 

2.35 
2.36 

.43 
.44 

.84 
.84 

104800 
119700 

AX3*  X6     22.7 

6.68 

34.64,12.59 

11.52 

3.91 

2.28 

.37 

.81 

123200 

1X3^X6,',  25.  I 

1    4ti 

38.  86'  14.  42  12.82 

4.43 

2.28 

.39 

.82 

130700 

HX3t  X6*  '28 

8.?5 

43.18116.34 

14.1 

4.98 

2.29 

.41 

.841150400 

iX3*  X6      '_>«>.  3 

8.63 

42.1215.44 

14.04 

4.94 

2.21 

.34 

.81 

149800 

HX3iVX6^31.9 

9.4 

46.13il7.27 

15.22 

5.47 

2.22 

.36 

.82 

162300 

fX3t  X6i   34.fi 

10.17 

50.22  19.18 

16.4 

6.02 

2.22 

.37 

.83 

174900 

T&X3*  X5      11    (i 

3.4 

13.36 

6.18 

5.34 

2 

1.98       .35 

.75 

57000 

*X3^X5.\  13.9 

4.1 

16.18 

7.65 

6.39 

2.45 

1.99       .37 

.76 

.I.SJDO 

&X3f  X5*    16.4 

4.81 

19.07 

9.2 

7.44 

2.92 

1.99!      .38 

.77 

79400 

36 
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9!  57 
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:;  11 
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:',  is 

i 
1 .1 
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1.99 
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REINFORCED    CONCRETE    CONSTRITTION. 

A  reinforced  concrete  construction  is  one  where  concrete  runl  steel  are 
used  jointly,  beinK  proportioned  to  carry  the  strains  of  compression  and 
tension  respectively.  Such  constructions  have  all  the  advantages  of  a 
purely  masonry  construction  along  with  the  elasticity  of  one  of  steel.  They 
are  permanent,  proof  against  fire,  ru>t.  rot,  acid,  and  cas  and  do  not 
require  attention,  repair,  or  painting.  Moreover,  the  strength  of  concrete 
increases  with  ace.  and  a  safety  factor  of  4  at  the  time  of  completion  of 
structure  may  easily  amount  to  6  or  7  after  the  lapse  of  a  year  or  so. 

Advantages.  Crushed  stone,  sand,  and  cement  are  procurable  on 
short  notice,  while  structural  steel  is  often  subject  to  long  delays  in  deliv- 
ery. Concrete  may  he  molded  into  any  desired  form,  and  ma^'iiry  simu- 
lated. Deflection  under  safe  load  is  practically  nil.  It  being  essential  that 
a  beam  fail  by  the  parting  of  the  steel,  after  it<  ela.-tic  limit  has  l>een 
exceeded  the  stretch  is  such  that  a  reinforced  concrete  beam  should  deflect 
several  feet  before  failure. 

Desiirn.  The  concrete  should  be  reinforced  in  both  Vertical  and  hori- 
zontal planes,  the  vertical  reinforcement  being  inclined  at  an  anglo  of  45° 
to  the  hori/otital  and  approximating  thereby  the  line  of  principal  ten-He 
stress.  The  shear  members  should  be  rigidly  connected  1o  the  horizontal 
reinforcing  steel  Strd  should  be  distributed  proportionally  to  the 
exi-t  i'ig  at  any  point . 

The  concrete  should  be  composed  of  the  be>t  grade  of  Portland  cement, 
sharp,  clean  san  !  a-:d  broken  stone  or  gravel  'to  pa--  a  ]  in.  ring)  in  the 
proportions  1  2..">  ">  for  floor  slabs  and  I  '_'  4  for  beams.  Steel  bars 
should  be  at  lea-t  0.7.">  in.  from  bottom  of  beam.  The  concrete  should 
be  thoroughly  rammed  into  place  and  the  centering  left  in  position  for  at 
lea-t  Is  days  and.  if  freezing  has  occurred,  for  >uch  additional  tr 
ma\  be  required  for  every  indication  of  fn»t  to  \ani-h  and  for  the  con- 
crete to  become  thoroughly 

Methods  of  Calculation.  Hi  \MS.  For  span  take  dist.  <•  t,.  e.  of 
bearings  i  for  .-labs,  the  clear  span  +  slab  thickness;  if  continuous  over 
more  than  one  span,  take  di-t.  c.  to  c,  of  bea- 

Maximum  Hending  Moments:  Heain  or  >lab  supported  at  ends,  u'/2-f-8 
(in.-lbs.i;  contitiuou.-  or  fixed  l>eam,  not  i< 

Coefficients  of  Elasticity:  E»  (steel)  =30,000,000.      Ee  (concrete),  for  a 
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mixture  not  weaker   than   1  :  2  :  4,  may  be   taken  as  equal   to  2,000,000. 
Es  -=-  £,.=  15. 

That  part  ot  the  concrete  above  the  neutral  axis  is  assumed  to  carry  the 
compression,  the  stress  varying  uniformly  from  0  at  the  neutral  axis  to  a 
maximum  at  the  compressed  edge. 

The  steel  reinforcement  is  assumed  to  carry  all  the  tension,  the  - 
being  uniform  over  its  cross-section. 

Working  Stresses:  —  If  the  concrete  is  of  a  quality  such  that  its  crushing 
strength  after  28  days   is  2,400-3,000  Ibs.  per  sq.  in.,  and  the  steel   has  a 
tenacity  >  or  =  60,000  Ibs.  per  sq.  in.  .the  following  stresses  maybe  allowed: 
Concrete,  in  compression  in  beams  subjected  to  bending.    600  Ibs.  per  sq.  in. 
Concrete  in  columns  under  simple  compression  ........    500    '  ' 

Concrete  in  shear  in  beams  .........................      60    " 

Adhesion  of  concrete  to  steel  .......................    100    " 

Steel  in  tension  .........................  15,000  to  17,000    '  ' 

For  other  concrete,  allowable  stress  =^  X  crushing  strength  (JX  crushing 
strength  for  columns).     For  steel  of  a  different  strength,  allowable  stress 

-tress  at   yield-point. 
Let   6=  width  of  beam  in  inches. 

rf=  depth  of  beam  (top  to  center  of  steel  bars)  in  inches. 
61=  width  of  upper  flange  of  T  beam  (slab)  in  inches. 
di=  thickness  of  upper  flange  of  T  beam  (slab)  in  inches.. 

(&!  should  not  be  greater  than  i/  or  3  dist.  c.  to  c.  of  floor-beams. 
d  i  is  generally  from  —  to  —  .  \ 

A  =  bd=Brea.  of  cross-section. 
m=Es+Ef. 

jV/=  bending  moment  at  section  considered  in  inch-pounds. 
£  =  tensile  stress  in  steel  in  Ibs.  per  square  inch. 
c=  compressive  stress  in  concrete  in  Ibs.  per  square  inch. 
z—  distance  of  resultant  thrust  in  concrete  from  compressed  edge  of 

beam  in  inches. 

kd=  distance  from  compressed  edge  to  neutral  axis,  in  inches. 
.Ac=  A"W=area  of  concrete  in  compression  in  square  inches. 
^l«=area  of  steel  in  tension  in  square  inches. 

p=At-^-bd=^rat\n  of  steel  to  concrete  =  percentage  of  reinforcement. 
/=  span  in  inches. 
tc=  load  per  inch  run  of  span  (weight  of  reinforced  concrete  may  be 

taken  as  150  Ibs.  per  cu.  ft.). 
It  can  be  shown  that 


fc=  vp2OT2  +  2pm  -  pm,  (1) 

and  also  that 


(3) 


For  T  beams,  where  d{>kd, 
and 

'" 

When  r/,<Av/, 

* 

•""'  w 


-*1- 
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Stirrups    or    rigidly    attached    web    member*    or    inclined    bar-    should    W 
provided    :il    and    near    the    end-    of    (lie    beam-    wheie    I  lit-    avi-i:i 
•Iran  on  a   veitn-al   -eetion   exceed.-  «',()  ||,-     pei    M|.   in.  of  tin-  ln-am   -••,-tion 

The  adhesion  required  in  flu-  ca-e  of  a  uniformly  loaded  beam,  supported 
at  (lie  ends,  with  horizontal  steel  bar-  not  turned  up  at  tl;.-  end-,  i-  found 
a.-  follow-: 

'I  lie  ditTererice  of  tension  in   1-ft.  length  of  bar-  at  end  of  -pan      tangential 
force   between    the  ,-teel   ami    concrete  in    that    distance.       At    the  end.    M       (I 
and  at    1    ft.   from    end    M       t'nr  I       12     in.-lb-          .  .    increment    of   ten-,. 
1  ween   the  cml  and   1    ft.  from  the  end  i-  «',,//       12)   :-  '/<  1 

If     n-  total     perimeter    of     reinforcing     bars,   the   adhe-'  •     II,-. 

per  «q.  in.=  w(l-  12)  +  2nd(l  -  Jfc). 

1  xarnple: — Design  a   beam,  freely  support <•< I  at  the  end-,  of   12  f» 
to  carry  960  Ibs.  per  lineal  foot,  usinu:  1',    of  reinforcement     /.     no) 

Taking  m=  15,  A-=0.418  [from  (1)]. 

A-siime  t=  16,000  Ibs.  i>er  sq.  in.,  w=960-f- 12=-  >•<)  lb-.  per  inch  run, 
/-  12X12=  144  ins.,  M=  wl~  +  X=  2<t7.:^i()  in  -lb-. 

Substituting  these  values  in  (2), 

M2=  207,360  H- [0.01  X  16,000(1-0.418)]=  2,227. 

For  a  trial  value  take  6=  12  ins.  Then,  d'^  18").  and  f/-=  1.1..")  in.  Ad<i- 
ing  1*  ins.  to  bottom  of  beam  to  protect  the  steel  bars,  nives  a  total  depth 
of  15  ins. 

A  beam  12X15  ins.  will  weigh  15.6  Ibs.  per  lineal  inch,  oonmquentlv 
w  should  be  taken^  80-1- 16  say,  and  another  calculation  made,  which  will 
include  the  weight  of  the  beam,  approximately. 

(The  foregoing  simple  methods  are  those  embodied  in  the-  He-port  of  t  he- 
Reinforced  Concrete  Committee,  formed  under  the  au-pire-  of  the  Koyal 
Institute  of  British  Architects,  and  are  undoubtedly  as  reliable  a.-  an> 
that  can  be  cited.) 

COLUMNS. — Let  P=  total  weight  to  be  supported  by  column  in  \\^.:  and 
A8=  sectional  area  of  steel  reinforcement.  Then,  using  the  notation 
under  "Beams": 

For  light  longitudinal  reinforcement  (less  than  1%),  P=c(A  4-w 
For  heavy  (1%  and  over),  J'=i[.-\  +  (m-  1 ).-!«].     (2) 

Example: — Design  a  column  to  sustain  40,000  Ibs.,  using  1%  reinforce- 
ment. c=500;  w=15.  Substituting  in  (.2)  U*=0.01.l), 

40,000=  500[A  +  (15-  1)0.01.1  ] 
=  500X1. 14.1=. ")70.1. 

and  A=70  sq.  ins.=  8.4  ins.  square  or  9..")  ins.  diam. 

The  longitudinal  bars  should   be  bound  around  by  steel  straps  or  rods 
to  prevent   their   bending,   and   these  straps   should   not    be   spaced   apart 
more  than  24  times  the  least  lateral  dimension  of  the  longitudinal  bars. 
Hooped  Columns: — 


where  rf=diam.  of  prism  and  hooping,  A8=  sectional  area  of  steel  in  the 
hoops  or  wire,  and  s—  spacing  of  hoops  or  spirals — generally  from  --^  t«>  -_-. 

Take  r=  400  and  t=  15.000. 

These  formulas  hold  where  the  length  of  the  column  is  not  greater 
than  18  times  the  diameter  or  least  lateral  dimension.  Few  cases  arise 
in  practice  where  such  a  length  is  exceeded. 

As  the  adhesion  between  the  steel  and  concrete  in  the  case  of  smooth 
b»rs   is   open   to   uncertainty,   many   bars   have   been   devise*  1    which    give 
a  positive  bond,  through  being  twisted,  corrugated,  indented  or  ot) .. 
d.jformed  at  close  intervals  along  their  length. 

Nummary  of  Ueam  Tests.  From  about.  200  reported  te-t-.  T.  I.  (  <>n- 
dion  (W.  Soc.  of  Kims.,  :i-l.V-03)  deduces  the  following  formula.  I'lt. 
Jt.i  (in  inch-lbs.)-(nP  +55) bd2,  where  n» 450  for  highly  elastic  stet-l  bars 
positively  bonded  to  the  concrete  (  =  27.">  for  plain  bars  of  ordinary  struc- 
tural steel);  P  =  percentage  of  reinforcement  =  (100 X bar  section)-nW;  6 
an  i  d  in  inches. 
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For  ordinary  concrete  (1  :i  (>)  /'may  vary  from  0..~><o  1 .2">.  economy 
lying  I)et\veen  O  7  and  0.9.  For  extra  strong  concrete  (1  2  4)  P  may  be 
increased  to  1.2."* 


Stress  Diagrams  In  Framed  Structures.  If  three  oblique  forces 
maintain  a  body  in  a  state  of  rest,  their  directions  meet  at  one  point  and 
their  proportional  values  may  be  shown  by  the  respective  sides  of  a  tri- 
angle drawn  parallel  to  the  forces. 

If  a  body  remains  at  rest  under  the  action  of  a  number  of  forces  in  the 
same  plane,  their  relative  magnitude  may  be  shown  by  a  polygon  whose 
sides,  taken  in  order,  are  drawn  parallel  to  the  forces. 


Fig.  6. 


General  Case.     Simple  Roof  Truss  (Fig.  6). 

^  weight  of  ab(W)  will  be  supported  at  each  point,  a  and  6- 
*  "  oc(TP') o    "    c. 

The  weight,  then,  at  a  =  W+'W' . 


The  reaction  at  R  which  balances  a=  W+W'.     *.m 


R' 


Total  reaction  at  R  =- 
Z 


W+W    l-x 
2       '     I   ' 
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Tin-  fop-es  l>ci;  ted,  !<-n<-r  ea<-h  cdl  or  . 

case  l>ut  one,  i.<>..  UK-  ami  al-o  . 

apace  as  divided  t>y  tin-  line-  ..f  I.K-  fnn-os  an.!  tin-  membera  <»f  tin- 


Fig.  8. 


0.5W        W 


W 


W        0.5W 


2W 


M 


2W 


Fig.  9. 


as  B,  C,  D,  E,  ;md  F.  Draw  trio  forro  <liacrani  for  oarli  set  <if  radiatii 
forces.  Consiilor  the  fnur  forces  at  the  point  r.  each  defineil  t>y  the  spac^ 
letters  thus:  FH,  liC,  C.l.  .!/•'  u-injr  ,,,,P  .lirection  of  rotation  thrnug, 


u 

\ 

\ 
/ 

c          V 

F     7 

B 

/ 
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out.      prcfi-rably  right-handed). 

/       E 


W 

Set  off  in  the  force  diagram  F/3  =  -4)   ami 


_ 

HC     tf'  =    _+_:        _.     Draw  AF  parallel  to  the  right  member  of 

tru>-,  nc;  then  AC  will  be  parallel  to  6c  and  meet  BC  at  point  C  (see  I). 
Notice  that  arrows  must  follow  each  other  around  the  diagram  in  one 
direction.  II  and  III  show  direction  of  forces  for  points  a  and  b.  AFt 


R' 


Fig.  10. 


.AC,  and  AE  in  the  force  diagram  are  then  the  stresses  in  the  members  of 
the  truss  and  are  measurable  by  the  scale  assumed  for  W  and  W.  Place 
arrows  on  the  members  of  the  truss  as  indicated  by  I,  II,  and  III;  then, 
arrows  pointing  toicnrd  each  other  show  that  the  member  is  in  tension  and 
vice  versa  for  compression.  Generally  AE  =  AF,  W  =  TV,  and  R  =  R'=  H'. 

The  truss  diagrams  (Figs.  7,  8,  9,  and  10)  illustrate  the  application  of 
the  preceding  principles.  Redundant  members  (those  not  stressed  ex- 
cepting when  distortion  takes  place)  may  be  determined  by  inspection  and 
their  number  =  the  number  of  members  in  excess  of  [(twice  the  number  of 
joints) -3]. 
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Fig.  7  shows  tlio  stre  .metrically  loaded  Warren   truss,  i.e.,  by 

.•iicht  «>f  it-  mernb,  i  IK-  same  trn>-  under  any  coucen- 

t rated   load    IT,  which  may  !«•   taken   fora  rolling  load   by  determining  the 

i    joint   by    imposing    this    load,    and    designing 

member  for   the    maximum   StreM    i»    inav    tia\e    to   withstand       Note    from 
Lfl  compared  with  same  members  in    I  \if.  7,  that   the  rnem- 
i'.iect    to   either    ten-il-or  COB  :id    should    U-   cal- 

culated lor  t  tie  irreati--  ,rh  kinil. 

In  the  rafters  of  tne  roof  t  russ  (Fig.  10)  the  load  on  ea'-h  rafter  M", 
an<l,  having  three  supports,  is  di\  i  table  for  ContinuOUfl  !'• 

anr  Kill' 

ante)  as  follow  -      '         at  eacu  end  support  and  ~T7.~~  »u  tlie  middle  suj)port. 

The  total  horizontal   \\ind  p;  -40  to  (ill  Ihs.  persq.it.  -'width  of 

between   two  raftersXA:  (see  diagram)]   is   resolved   into   t\\o   i-r(rnpo- 

nentr, — one  parallel,  and  one  normal  to  the  rafter.     The  latter,  Pn~- 

and  is  distributed  at  a,  d,  and  c  as  ^~t  ^-^,  and  ^r~,  respectively. 

16        8  U» 

If  a  be  fixed  and  6  loose,  expansion  is  provided  for,  and  the  reaction 
R'  is  vertical.     R,  R' ,  and  l'i\  mutually  balance  and  meet  in  the  point  x 
(found    b3'   producing   J'n    to   intersect   R').      By   connecting  R  and   r   the 
direction  of  R  is  given  and  values  of  Ji  ami  R'  are  obtained  from  the  auxil- 
iary force  diagram.     If  the  wind  blows  from  the  right,  I'n  a<  t -.  on  he,  and 
x  will  be  above  instead  of  below  b.      Kadi  member  s  iould  U-  designed  to 
resist  the  maximum  stresses  in  it  caused  by  the  weight  of  roof,   i •-.>. 
'snow,  and  also  the  wind  pressure,  from  whichever  side  a  maximum 
in  the  particular  member  is  caused. 

Framed  Structures  of  Three  Dimensions  must  be  solved  by  con- 
sidering each  plane  of  action  separately.  For  example,  in  a  .-hear  lens 
substitute  for  the  two  rigidly  attached  leir-  a  angle  one  in  a  plane  with 
the  third  or  jointed  leg,  determine  the  respective  stresses,  and  then  resolve 
the  stress  in  the  substituted  leg  into  the  stresses  for  the  two  legs  it  replaces. 


ENERGY  AND  THE   TRANSMISSION 
OF  POWER. 


Force  and  Mass.     The  unit  of  force  in  engineering  is  one  pound  avoir. 

dupois.     Mass,  or  the  quantity  of  matter  contained  in  a  body,   =  weig     ' 

g 

g  =  32. 16954(1  -0.00284  cos  2/)(l-^)t  where 

r  =  20,887,510(1  +0.00164  cos  21), 'jn  which  Platitude  in  degrees, 

Ji  =  height  above  sea-level  in  feet,  and  r  =  radius  of  the  earth  in  feet.     In 
calculations  g  is  ordinarily  taken  as  32.16  in  the  U.  S. 

Velocity,  or  the  rate  of  motion,  is  estimated  in  feet  per  second.  If  uni- 
form, *  =  Y'  H  uniformly  varying  from  Vi  at  beginning,  to  v2  at  the  end 

of  the  time  f,«  =  2L^.(l). 

Acceleration  (/)  is  the  increase  of  velocity  during  each  second,  and,  if 
uniform,  is  produced  by  any  constant  force,  the  force  being  measured  by 
the  increase  of  momentum  it  produces.  Momentum,  or  the  quantity  of 
motion  in  a  body  =  mass  X  velocity  =  mv,  and  force  producing  acceleration 

/  =  t^£l  (2).     Combining  (1)  and  (2),  •-»!*+•?  (3).     If  n  =  0 


(starting  from  a  position  of  rest),  *  =  ^-  (4)  and  f=~r  (5).   Substituting 

(5)  in  (4),  v22  =  2/«  (6).     For  retarded  motion  (3)  would  read:   s  =  n<— y. 

Impact  of  Inelastic  Bodies.  Two  inelastic  bodies  after  collision  will 
move  as  one  mass  with  a  common  velocity,  and  the  momentum  of  their 
combined  mass  is  equal  to  the  sum  of  the  momenta  before  impact. 

(mi +  m2)v  (final)  ^miVi  +  m^vz.     v  =  —     - — —    accordingly  as    the    bodies 

mi  -TTtl2 

move  in  the  same  or  in  opposite  directions  before  collision. 

The  Pendulum.  A  simple  pendulum  is  a  material  point  acted  upon  by 
the  force  of  gravity  and  suspended  from  a  fixed  point  by  a  line  having  no 
weight.  A  compound  pendulum  is  a  body  of  sensible  magnitude  sus- 
pended from  a  fixed  point  by  a  line  or  rod  whose  weight  must  be  considered. 
The  center  of  oscillation  is  a  point  at  which,  if  all  the  weight  of  a  compound 
pendulum  be  considered  to  be  there  concentrated,  the  oscillations  will 
have  the  same  periodicity  as  a  simple  pendulum.  The  distance  of  the 
center  of  oscillation  from  the  point  of  suspension  =  ( radius  of  gyration )2-f- 
distance  of  center  of  gravity  from  point  of  suspension  (a).  An  ordinary 
pendulum  oscillates  in  equal  times  (isochronism)  when  the  angle  of  oscil- 
lation does  not  exceed  5°. 

Let  1  =  distance  in  in.  between  point  of  suspension  and  center  of  oscilla- 
tion of  a  simple  pendulum,  <  =  time  in  seconds  for  n  oscillations,  and  n  = 
number  of  single  oscillations  (one  side  to  the  other)  in  time  t.  Then,  for  a 

,     120*2     39. 1<2 
ample  pendulum,  l=—^=    ^2  -. 

43 


44       K\I:K<;Y  .\.\n  Tin:  TRANSMISSION  or  I>M\YKR. 


1'or  a  compound  pendulum  (rod  of    radius  r)     /-— +  -p; 

"  "  (ball  of  radius  r);  l"a  +  -~-. 

hall    of    weight     If    (di«t.  a)    and    hall    of    H', 

alist.  «i ),  hoth  on  same  side  of  point  of  Mi>pen-i.,n ;   /  = 

a  W  +  n  1 1 »  i 
Malls    \\'<<i)   an<l    H'lU,),   point   of  sus'.en-ion    helu.  !"  c.ofg.  of 

aW-  ,    '/2ir  i-^-'ir, 

system,  x=~w+^   '.  and  /=   xr^j.  p     • 

In  the  last  two  cases  \V  is  the  larger  weight,  ami  the  weight  of  connecting 
line  or  rod  is  neglected.  T/:e  length  of  a  simjile  pemlulum  which  o-<  illate.v 
seconds  at  New  V.ork  is  39.1017  in. 

KM'-rjjy,  or  the  capacity  for  performing  work,  is  of  two  form>      Potential 
Energy,  which  is  stored  or  latent,  and    Kinetic    Knergy.  or  the  enei. 
motion.      In    any    svstem.    kinetic    energy  +  potent ial    energy      a    COB 
In     any    ma  'hi"e     the    energy    put    in  =  the     useful     work    given     OIM 
work   lost  by  resistances.      (Stored  energy  not   considered.)      Kither  kind  of 
energy  may  he  transformed  into  t  he  other  kind. 

Estimate  of    Energies.     The   Potential    Energy  of  a   weight 
height  H  =  wH  ft.-lbs.     If  allowed  to  fall,  the   velocity  on    reaching  the 

ground,  V-V2/T,  from  (6).     But  f  =  g,  and  «  =  //-     .'.  v  =  Vj^T/and  //=  |^. 
Substituting  (in  u'/7),  Energy  (now  Kinetic)  in  ft.-lbs.  =  -    -,  which  is  ap- 

OQ 

plicable  to  all  cases  of  moving  bodies,  it  being  strictly  proper  to  a  — nine 
that  the  velocity  is  caused  by  gravity. 

When  a  body  rotates  around  an  axis  (e.g.,  rim  of  fly-wheel,  of  weight,  tr), 

v  (linear)  =  2xRn,    (n  =  ™)  and  the  Energy  of  Rotation  in  ft.-lbs.  =  1 

\         60/  2g 


The  Energy  of  a  Compressed  Spring  =  -  —  ft.-lbs.;  the  Energy  of  a 

Compressed  Gas  =  mean  effective  total  pressure  X  stroke. 

The  Energy  of  One    Heat  lnit  (1  B.T.U.  =  1  Ib.  water  raised 
when  near  39")  =  778  ft.-lbs. 

7/T2 

Energy  of  Power  Hammers.  Energy  of  falling  hammer=— .  Kn- 
ergy  received  by  the  hot  iron  =  mean  total  pressure  in  Ibs.  p,  Xdepth  of 
impression  //,  in  feet,  and  pH  =  ——.  .'.  p  =  fj-~jj.  The  greatest  total 

pressure  =  2p. 

Energy  of  Recoil.  Let  v\  and  «'a  =  weights  of  gun  (with  carriage) 
and  projectile;  i'i  and  v2  =  velocity  of  recoil  and  projectile  velocity  at 

muzzle.     Then,  ir:vi  =  u-2v2  and  vi  = -2-2      The  energy  of  a  body  in  mot 

"-i 

Y~,   hence   the  energy  of  recoil  =  w,  (^~J   +2g,  and  the  energy   of   the 

proiectile  =•-  u-2i-22  -5-  2g. 

Power  is  the  rate  at  which  work  is  performed,  the  unit  being  one  i 
power,  or  33,000  foot-pounds  exerted  during  one  minute. 

Elements  of   Machines.      A  machine  i-  an   assemblage  "f  parts   \ 
relative  motions  are  fully  const  railed,  and  its  purpose  is  the  trai  -n 
or  the   modification    of   power.      Let    /-*   he   the    point    where   tie    power   i-^ 
applied  and    H"   the   point   where   it   is   removed   or  utilized.     TNn.  work 
put  in  at  P  =  work  taken   out    at    It'  (neglecting  n  \~  work  = 

force  X  distance ,  Ps  =  TF«, ,  or  -„-  =  —,  where  «  and  «i  are  t  he  distances  traveled 

by  P  and  W.     Further, 

velocity  of  P      force  W     „     ,       .     .   .  , 

r  ,,-  =  * -^  =  Mechanical  Advantage, -^. 

velocity  of  IV     force  P  P 
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The    Lever.      By    the     principle     of    moments,     Pr=Wr\     and     the 

Mechanical   Advantage  =  ^  =—,   r  and   r\   being   the    respective    radii  of 

r      r\ 
P  and  W  from  fie  fulcrum  (for  straight  lever  and  parallel  forces). 

Lever  Safety- Valve.  Let  w,  w\,  and  W  be  the  weights  of  lever,  valve. 
and  ball,  respectively  in  Ibs.,  r,  r\,  and  R  the  distances  from  center  of 
gravity  of  lever,  valve  center,  and  ball  center  to  fulcrum,  in  in.,  d  the 
valve  diam.,  in  in.,  and  p  the  steam  pressure  per  sq.  in.  of  valve.  Then, 

(0.7854prf2-»-i)ri-trr 
R 

If  the  lever  is  bent  or  the  forces  are  not  parallel,  the  arms  r\  and  R  are 
then  equal  to  the  length  of  the  perpendicular  drawn  from  fulcrum  to  the 
line  of  direction  of  each  force. 

r      wheel  radius 

Wheel  and  Axle.     Mechanical  Advantage  =  -5  = : —       — . 

K      axle  radius 

Train  of  (iearinj?.  P  is  applied  at  radius  of  first  wheel,  transmitted 
by  its  toothed  axle  to  circumference  of  second  wheel  which  is  tootiied, 
by  second  axle  circumference  to  third  wheel  circumference,  etc. 

Mechanical  Advantage,  -5-  =  Q-  X  -j?- X 4v -,  etc. 

r         K\        KZ       KZ 

Block  and  Tackle.  The  pull  P  on  the  rope  through  the  distance  a 
will  raise  the  weight  W  through  the  distance 

s 


No.  of  plies  of  rope  shortened  by  the  pull* 

W     No.  of  plies  shortened      T 
Mechanical     Advantage  =  77  =  — : .     In     any    movable 

M'      2 
pulley,  -p  =  y,  W  rising  only  one-half  the  height  that  P  does. 

Differential  Pulley.  Two  pulleys  whose  diameters  are  d  and  d\  rotate 
as  one  piece  about  a  fixed  axis.  An  endless  chain  passes  around  both 
pulleys  and  one  of  the  defending  loops  of  the  chain  passes  around  and 
<ur>ports  a  running  block  from  which  W  is  hung.  P  is  applied  on  the 
running  directly  to  pulley  of  larger  diam.,  d. 

W     P'sdist.          nd  2d 

Mechanical  Ad  van  t  age  =  -5-  =777-; — ,.    -  =-3 3~  =  3 — r- 

P       W's  dist.     rrf-rrfi      d  —  di 


Inclined  Plane  and  AVedge.  While  P  moves  through  base  6,  W  is 
raised  through  the  height  h,  and  Mech.  Adv.  =  -p  =-7-.  A  cam  is  a  revolving 

Inclined  plane. 

The  Screw  is  an  inclined  plane  wrapped  around  a  cylinder  so  that  the 
height  of  the  plane  is  parallel  to  the  axis  of  cylinder.  It  is  operated  by 
*  force  applied  at  the  end  of  a  lever-arm  (of  length  r)  perpendicular  to 
axis.  Let  p"  =  pitch  of  screw  =  height  of  inclined  plane  for  one  revolu- 

,  ry,,  „     ,  W     P's  dist.     2xr 

tion  of  screw.      I  hen,    Mech.  Adv.  =  -f?  =  TTr,    .. —  =  — TT- 

P      TF'sdist.     ;/' 

Conneotli.KvRods  are  subject  to  alternate  tension  and  compression 
and  the  diuin.  <'\  at  mid-length  is  calculated  by  means  of  Cordon's  formula 
for  columns  (both  ends  hinged)  where  r2  =  cn.2-i- 16,  using  a  safety  factor 
of  10  and  values  of  i  and  h  for  steel.  The  diam.  at  small  end  (</)  is  designed 
+  o  resist  compression  only,  that  at  large  end  (dy)  being  obtained  by  con- 
tinuing the  taper  from  small  diam.  to  diam.  at  mid-length  and  thence  to 
the  large  end.  and  is  equal  to  2d\-d.  Kent  gives  as  the  average  of  a 
large  number  of  formulas  considered  by  him:  ^  =  0.021  X diam.  of 
cylinder XV^p  (steam).  Barr  gives  as  the  average  of  twelve  Am.  builders: 
</i  =  0.092 Vcyl.  diam.  X stroke  (for  low-speed  engines),  and  thickness,  t 
(for  rectangular  sections,  high-speed  engines)  =  0.05?v/diam.  cyl.  X  stroKe 
breadth  =  2.7t.  All  dimensions  in  inches. 
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Connecting-Rod     Knds.     Strap-end-    width  =  0.8m.    thickness  -  0.22m 
fincrea-.-'l    to  n.-'Uw   at    mi<l  length   arid   :il-<.  .-it   end-   when   slotted  f  .  .  • 
and  cot  t  PI  >;  depth  of  butt  end  of  rod      l.lii+  hin.     d  =  diarn.  of  frank  pin 
m*~d  +  0.2  in. 

Crank-Arms    (Wrought    Iron).      Huh  diarn.      l.s/7;    hub  length  -O.W; 
diftm.  of  crank-pin  eye      1W,  ;    length  of  eye    -1.4*7,;    width  of    .• 
di:irn.  of  adjacent   hub  or  eye;    tUOkneM  of  web—  0.6  X  length  of  a<i 
hub  or  eye  (d  =  least  diam.  of  shaft;    J,  =diam.  of  rr.-mk 


Valv.-St,.nis.     Diam..   d^  preBSure^on  valve  area 

Kccentrirs.     She.-ive  diam.  =  (2.4  X  throw)  +  (  1.2  X  shaft  diam.);  breadth 
=  rf3  +  0.6  in.;     thickness   of   strap  =  0.4d3  +  0.6  in.     (<f3     diarn.    of 
stem.) 

Sll  AFTI.VCi. 

For    strength    against     permanent     deformation,     r7=  3.334    ~'\r'-     ^"r 
stiffness  to  resist  torsion  (max.  allowable  twist  <  0.075°  per  foot  in  If 


d  =  4.7r  -jj-'.     These  values  are  for  W.T.;    for  steel  shafts  H  has  but  84% 

of  the  values  given  by  formulas.  In  designing  take  the  larger  of  the  two 
values  of  d  obtained  from  thejormulas. 

Average  Practice,     d  =•  V  C'  ^    '  ,  where  c  (for    rold-rolled    shafting) 

for  shafts  carrying  pulleys  =75;  for  line  shafting,  hangers  S  ft.  apart,  =  55; 
for  transmission  only,  =35.  For  turned  iron  .shafting  under  similar  ren- 
ditions multii'lv  value  of  c  by  1.75. 

Length  between  bearings  to  limit  deflection  to  0.01  in.  per  foot  of  shaft- 
ing:   for  bare  shafts,  L   (in  f  eet  )  =  ^/720d  2  ;  for  shafts  carrying  pulley.-. 


Fly-wheel   Shafts.       For     shafts    carrying    fly-wheels,    armatun 
other   heavy    rotating   masses,    find    the   equivalent    twisting   moment    of 
the  combined  torsion  and  bending  in  inch-lbs.  and  apply  same  in  the  two 
formulas  at  the  beginning  of  this  topic,  remembering  that 


Twisting  moment  =  — "™—  .  ~jj^  =  63,025  ^p.     (See  p.  31.) 

Average  Engine  Practice.     Crank-shaft  diam.,  d=6.8  to  7.3 XT  — ^r-* 

for  low  and  high  speed  respectively  (Barr).  Also,  rf  =  0.42  to  0. 5 X piston 
diam.  (Stan wood).  N  for  machine-shops  =  120  to  180;  for  wood-working 
shops,  250  to  300;  for  cotton  and  woolen  mills',  300  to  400. 

JOURNALS. 

The  allowable  pressure  p  in  Ibs.  per  sq.  in.  on  the  projected  area  (/V^ 
of  journals  is  as  follows:  For  very  slow-speed  journals,  ;>  =  3.000;  for 
cross-head  journals,  p=  1,200  to  1.600;  for  crank-pin  journals.  low  speed. 
p  =  800  to  900;  ditto,  Am.  practice,  1,000  to  1,200;  for  marine  engine 
crank-pin  journals.  400  to  500;  railway  journals,  300;  crank-pin  jourrals 
for  small  engines,  150  to  200;  main  bearings  of  engine,  150;  marine  slide 
blocks,  100;  cross-head  surfaces,  35  to  40  Ibs  per  sq.  in.;  propeller  thrust- 
bearings,  50  to  70;  main  shafting  in  cast-iron  boxes.  15. 

Overhung  Journals.     On  end  of  shaft.      Constant  pressure.       When 

JV<150,  d  =  0.03V/Ffor  W.  I.,and  0.027x/Pforsteel;  4-  =  1.5  to  2.     When 

a 


AT>150,  d  =  0.0244  VlP  +  d  for  W.I.   and   O.OlQV'fP-hd  for  steel     Also 
~=0.13VN  for  W.I.  and  Q.17^N  for  steel. 
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Journals    under   Alternating    Pressures    (e.g.,    crank-pin).     When 

N<150,  d  =  0.027v/P  for  W.I.  and  0.024V/P  for  steel;  4"=1  for  W.I. 

a 

and  1.3  for  steel.     When  N>  150,  d  =  0.0273//~  for  W.  I.  and  0.021/^ 

a  a 

for  steel;    4  =  0.08^^7  for  W.  I.  and  0.1^  N  for  steel.     Am.  Engine  Prac- 

a 

tier:    d  (for  crank-pin)  =  0.22  to  0.27Xpistpn  diam.;    1  =  0.25  to  O.SXpis- 
t«>n  diam.  (Stanwood).     Cross-head  pins:  dj  =  0.8</;   ^  =  1.4^. 

Neck  Journals,  or  those  formed  on  the  body  of  shaft  need  but  two- 
thinls  the  diameter  of  overhung  journals  of  the  same  length.  For  ball 
and  socket  shaft  -hangers,  l  =  4d;  depth  of  shoulder  on  neck  journal  may 
be  taken  as  0.07d-H  in. 

Pivots.  For  AT<150,  p  =  700,  350,  or  1,422  Ibs.  per  sq.  in.,  and 
d  =  N/PX  0.05,  0.07,  or  0.035,  for  W.I.,  on  bronze,  C.I.  on  bronze,  and 
W.I.  ..r  sfeel_on  lignum-vitse,  respectively.  For  AT>150,  d  =  0.004V/>AT 
and  0.035V7/5  for  W.I.  (or  steel)  on  bronze  and  lignum-  vitae,  respectively. 

s^.   x  -j     j-         r»     4/jo  i  total  thrust  in  Ibs.      _,  .  . 
Collar  Bearings.    Outside  diam.  D  =  \  dz  +  -r=—    —  j  —    —  .    Thick- 

47Xno.  of  collars 

ness  of  collar  =  0.4(£>  —  rf)=  iXspace  between  collars.  (rf  =  shaft  diam.). 
Shaft  Couplings.  For  a  cast-iron  keyed  sleeve-coupling,  /  =  2.66d  + 
2  in.;  external  diam.  of  sleeve  =  1.66d  +  0.5  in.  For  a  cast  flange  coupling, 
/  of  hub  on  each  half  =  1.33d  +  1  in.;  hub  diam.  =  1.66rf  +  0.5  in.;  flange 
diam.  =  2.5rf+4  in.;  flange  thickness  =  0.166rf+0.42  in.;  width  of  flange 

rim  =  0.35d  +  0.86  in.;    no.  of  bolts  =  2  +  0.8d;    diam.  of    bolts  =  4+  ft  in. 

o 
For    plates    forged    on     abutting    shaft    ends,    t  =  0.3d;    outside    diam.  = 


1.6<f+  (2.25  X  bolt  diam.);  no.  of  bolts  =  -.     (d  =  shaft  diam.) 

Brasses  should  have  a  thickness  in  the  center  (where  wear  is  greatest) 
~0.16d+0.25in. 

BALL  AND  ROLLER  BEARINGS. 

Roller  Bearings.  Let  ?i=number  of  rollers;  rf  =  diam.  of  rollers  in 
in.  (for  conical  rollers  take  diam.  at  mid-length);  /  =  length  of  rollers  in 
in.;  then,  if  the  rollers  are  sufficiently  hard  and  are  so  disposed  that  the 
load  is  equally  distributed  over  I  and  n,  Load  in  Ibs.  P  =  cnZrf,  where  c  =  355 
for  C.  I.  rollers  on  flat  C.  I.  plates,  and  850  for  steel  rollers  on  flat  steel 
plates  (Ing.  Taschenbuch). 

Friction  may  be  reduced  40  to  50%  by  the  use  of  roller  bearings. 

The  Hyatt  flexible  rollers  consist  of  flat  strips  of  springy  steel  wound 
spirally  into  tubular  form;  they  give  at  all  times  a  contact  along  their 
entire  length.  It  is  claimed  for  them  that  they  save  75%  of  the  lubrica- 
tion (and  10  to  25%  of  the  power)  needed  by  ordinary  bearings  of  equal 
capacity,  and  that  they  cannot  become  overheated. 

Ball  Bearings.  Diam.  of  enclosing  circle  =  (d  +  c)F  +  d,  where  d  =  diam. 
of  ball;  c  =  clearance  between  each  pair  of  balls;  F.  a  factor  as  follows: 

No.  of  balls  ...  14  15  16  17  18  19 

Factor  F  ........   4.494     4.8097     5.1259     5.4423     5.7588     6.0756 

No.  of  balls..  20  21  22  23  24 

Factor  F  ........   6.3925         6.7095         7.0266        7.3338        7.6613 

or,  generally,  Z>  =  dH  --  -—  )f  where  n  =  no.  of  balls. 


If  0.005n>-J,  take  c  =    ~;    otherwise,  c  =  0.005.     All  dimensions  in 
inches. 
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Crushing  Strength  of  Halls. 

Ureakir.g  Load  it 

.            Ballon  Bet  WITH  Hat                            ,,-hy.                 Safe 

Hall.  Plat. 

11JM)  1814                           L288                          HVt 

•\\:,:i  «;:,7o 

«*):«)  iL'Tou                        lltioi)                       n.-,o 

KiTK)  L'-V,10                              lit  mOO                            J.-.70 
30000                      :i2-'t,o                     UI:;D 

59030  «H)ii.-iD 


The     Auto    Machinery  Co.'s    data    answer    to    breaking    lo» 
and  a-'e  a   fair   average  of   the    fir-t    two  column-  <re-ult-  obtained  by   1  .  .1. 
Hams  at    Uo-e    Polytechnic    Institute),  the  >U'face  i,f  hall   nu  «• 
.1    as    between    a   spherical    and    a    plane    surface. 
total  loa.: 

Greatest  load  on  a  single  ball       ^       ,-  ti.(||-  "'  ^"  annular  bealtof 

where  n  ranges  from   10  to   IS  (Strihcck,  Inn.  Ta-<-h«-nl.uc-h  ).      I'rof.  (  '.   11. 
Benjamin    recommends   a    safe!  \    factor  of    Hi,   that    in    almve   table    , 

Kadial    Hall    Hearing,    with    4    point    ciuititft. 
If   P>  X,0(M    Ins..    /'     MHO  •  L'«»(»»//. 

Thrust  Hearing,  with  ;t  point  contact.     y'(safe)(  1,000  to  4,500  Ibs.)  — 
l,143(7ui-2i);    P(safe)(4,500  to  8,500  lbs.)  =  2,125(nd-4);    1' 
to    17,003  lbs.)  =  l,500  +  808nd. 

Thrust  Bearing,  Balls  between  Flat  Plates. 

When  nd          =   3  5  7  9  10 

]',  safe,  inlbs.  =  475       1,200        2,200        :i.2no        5,000 

Thrust  Bearing,  2  Point  (Balls  in  Races  of  Larger  Uiam.). 
When  nd          =   3  6  8  10  12  14 

P.safe,  inlhs.=300       800  1  ..".00        2,750        4,000        4,800 

Relation  between  Ball  Diam.    ./    and  Shaft  Diam.  (D). 
Three-point  Thrust  Bearing,     d  =  0.143  +  0.17D 

Flat-plate  d  =  0.12">4-0.19D 

Two-point  race  d  =  0.0625  +  0.166D 

Radial,  four-point  .......       "  d  =  0.3Z>,  when  1)  '    \  .^  in  . 

"          .......       "  rf  =  0.31+0.15£>  when  Z»  1.5  in. 

The  foregoing  proportion  represents  the  practice  of  the  American  Ball 
Co.,  of  Providence,  as  derived  from  their  catalogue  by  the  author  and 
may  be  taken  as  guidance  in  design. 

Friction  of  Ball  Bearings..  M.  I.  Golden  (Tran-.  A.  S.  M.  K.)  from 
experiments  on  balls  from  i  to  $  in.  in  diam.  in  radial  or  annular  bear 
ings  at  speeds  from  200  to  2,000  r.p.m.,  deduces  as  a  tentative  formula' 

Friction  =  Load    (o.OOS-l-0'^01  +0.005Z))  ,    where  <f  =  diam.  of  ball,  and 

£>  =  diam.  of  path  of  balls  in  the   t 

At  speeds  around  and  exceeding  2,000  r.p.m.  chattering  takes  place, 
which  may  be  reduced  to  a  marked  degree  by  the  use  of  oil.  He  found 
H  =  0  00475  (taken  as  0.005  in  formula). 

Double   Hall   BearJ.ms,      !n   an   ordinary   hall   bearing  the   turning  of 
the  shaft  rotates  the  balls  m  >uHi  a  manner  that   the  surfaces  of  tw..  c<.n- 
tiguous  halls  ruh  or  grind  Upon  each  other,  and  this  i<  -aid  to  he  the 
of  a  large  proportion  of  the  failures  recorded  in  the  use  of  ball  hearings. 

In  the  Chapman  double  ball  bearing  a  smaller  ball  (not  in  contact  with 
the  shaft)  is  introduced  between  every  two  hall-  of  the  bearing  proper. 
and  a  rolling  contact  throughout  the  bearing  is  thereby  established.  The 
Chapman  Co.  (Toronto,  <>nt.)  claim  to  save  S0%  of  the  work  lo.-t  in  fric- 
tion by  ordinary  self  oiling  journal  bearings,  and  refer  to  runs  of  1$  to  2 
years  duration  without  lubrication  or  appreciable  wear. 
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Spur  (ioars  are  toothed  wheels  for  transmitting  power  between  parallel 
shaft-;,  the  teeth  being  parallel  to  the  axes  of  the  wheels.  They  are  equiv- 
alent to  friction  cylinders  or  discs  haying  teeth  provided  to  avoid  slipping 
with  heavy  loads  and,  with  an  infinite  number  of  teeth,  the  gears  would 
become  smooth-surfaced  cylinders  engaging  with  each  other  at  their  cir- 
cumferences These  circumferences  are  called  pitch  circles  and  the 
velocity  relation  between  any  two  wheels  is  determined  from  their  respec- 
tive pitch  circle  radii 

1  or  transmit  t  ing  perfectly  uniform  motion  the  curves  of  the  teeth  are 
specially   formed,    the   condition   for  such   motion   being  that   the  normal 
to  all  surfaces  of  contact  between  the  teeth  must  pass  through  the  meeting- 
of  the  two  tangential  pitch  circles. 

Bptcycloidal  Teeth  for  wheels  are  formed  as  follows:  The  part  of 
!ooth  curve  outside  >f  t  lie  pitch  circle  is  the  path  of  a  point  on  the  cir- 
cumference of  an  arbitrarily  chosen  circle  which  rolls  on  the  outside  of 
the  pitch  circle,  and  the  part  of  tooth  curve  inside  the  pitch  circle  is  the 
path  of  a  point  on  the  circumference  of  the  same  arbitrarily  chosen  circle 
when  rolling  inside  the  pitch  circle 

For  racks  the  pitch  circle  (of  infinite  diam.)  becomes  a  straight  line 
and  the  tooth  outlines  are  generated  by  a  point  in  the  circumference  of 
a  circle  rolling  on  the  line  above  and  below 

Where  nears  are  to  work  interchangeably  the  same  rolling  circle  must 
be  used  throughout  Teeth  should  be  designed  so  that  at  least  two  pairs 
are  constantly  engaged 

Involute  Teeth  possess  an  advantage  over  epicycloidal  teeth  in  that 
the  distance  between  the  wheel  centers  may  be  slightly  varied  without 
affecting  the  accuracy  of  contact;  they  are  generated  as  follows:  Draw 
pitch  circles  and  connect  their  centers.  Through  point  of  contact  oi 
cin-les  draw  a  line  inclined  at  an  angle  of  75°  to  the  line  of  centers  and 
from  each  center  draw  a  circle  tangent  to  this  line.  These  circles  are 
base  circles  and  the  tooth  curve  in  each  wheel  is  the  path  made  by  a  point 
in  a  line  unwrapped  from  the  base  circle  of  that  wheel.  The  prolonga- 
tion of  the  outline  inside  the  base  circle  to  depth  of  tooth  is  a  radial  line. 
Diam.  of  base  circle  =  0.966  X  diam.  of  pitch  circle.  Involute  rack  teeth 
have  straight  outlines  which  make  an  angle  of  75°  with  the  pitch  line. 

Circular  Pitch  (;>")  is  the  distance  on  the  pitch  line  between  the  centers 
of  two  successive  teeth.  p,,_»Xdiam.  of  pitch  circle 

No.  of  teeth 

Diametral  Pitch  (prf"),  or  the  number  of  teeth  per  inch  diameter  of 
.     ,     .     ,       No.  of  teeth  r 

pitch  circle  =       d.am       -  =  cirfH1,ar  pitch.     Used  largely  in  cut  gearing. 

Proportions  of  Teeth.  If  diam.  of  rolling  circle  for  generating  epi- 
cycloidal teeth  is  taken  equal  to  1.75Xcircular  pitch,  the  tooth  outline 
from  pitch  circle  to  bottom  of  tooth  in  a  pinion  of  11  teeth  will  be  a  radial 
line.  Addendum  (or  radial  height  of  tooth  outside  pitch  circle)  =  0.3p"; 
Dedendum  (or  radial  depth  of  tooth  inside  pitch  circle)  =  0.4p";  hence, 

total  length  of  tooth  =  0.7p".     Thickness  of  tooth  on  pitch  circle  =  T~  p"  ; 
space     between    teeth  =  |^p";     back-lash  =  21  ~Q19  p"  =  ^  ;      clearance  = 

(0.4  —  0.3)p"  =  —  .     The  foregoing  for  cast   wheels.     For  cut   gears  sub- 

stitute 0.3,  0.35.  0.65,  0.485,  0.515,  0.03,  and  0.05,  respectively,  for  the 
ItbOve   coefficients   of    //'   (Sellers). 

Diametral    Pitch   Formulas  for   Small    Gears    (Brown   &    Sharpe 

Mfir.    Co.).     Let,    P  =  diametral     pitch;     D',    d'  =  pitch    circle    diameters: 

/>,    ./-outside    diameters;     N,   n  =  nos.    of   teeth;     V,   v  =  velocity   ratios 

•'Is  for  gear  and  small  letters  for  pinion  engaging  with  same);  o=dis- 

tanct-  l>et\veen  centers  of  wheels;    6  =  no.  of  teeth  in  both  wheels.     Then, 

V  bV       PD>Vnv 


NV     PD'V     n_2oCV  +  2)      ,      2q(n  +  2)      n/       2av 

~  ~>  D  '•  d=  —  ~  ;  D  = 
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For  a  single  wheel  'in  addition  to  foregoing  lettering),  let  /  thi< 
of  tooth  or  cutter  on  pitch  circle;  I)"  working  depth  of  tooth;  «  a 
fluni ;  /  amount  added  to  t..oth  depth  fur  clearance ;  I)"  r  /  total  depth 

of     tooth;      P'  =  ciroular     p]  eh.       Then,     /'  =  —. J-2  =^7  -^7;      ^—5-; 


. 

0.36857". 

Hovel   Gearing    i-    Used    to    connect     shaft-    uho.-o    direct!.,; 
any  an^lo.      The  pitch  surface  of  ea>-li  year  i-  tin-  fru-tum  of  a  cone,  both 
cones   havinir  a   common    vertex.      The   teeth   have   llieir  .-urfac. 
by  the   motion   of  a   straight    line  ne    vortex    while   a   point    in 

the  line  is  carried  round  the  traces  of  the  teeth  on  a  conical  surface,  which 
surface  i.-  generated  by  a  line  drawn  from  the  extremity  of  larger  dial 
of  pitch  surface   frustum  to  the  axis  and   perpendicular   to  an  element    in 
the  pitch  surface. 

Spiral  Gears  are  used  to  connect  rum  parallel  -hafts  which  do  not 
intersect.  Let  ft  Bangle  of  inclination  of  axes,  and  r,  v,  n,  R,  N,  t,  and  T 
be  respectively  the  pitch  an^le,  circumf.  velocity,  revolutions,  radm-, 
no.  of  teeth,  circumferential  pitch,  and  normal  pitch  of  wheel  .4,  and 
rit  v\,  n\,  etc.,  similar  values  for  wheel  B. 

Then,     r  +  n  +  «-180«     and      ^=siri  whence     m=«^ 

v      sin  n  n        K,  sin  r\      N\ 

T  =  ts'm  r  and  TI  =ti  sin  ri,  and  as  T  must  equal  T\,  —  =S!"  n.     Yor  mini- 

t\      sin  f 
mum  sliding  make  r  =  n-     The  position  of  the  common  tangent  at  point 

of  contact  of  the  pitch  cylinders  is  determined  from  -5-  =  —     —  =  (  —  4-cos  a) 

K\     cot  n       N  n  ' 


-  +  003*}.     Also,   cotr 
' 


•n,  nno      n\  revs,  (n)  of  follower     ^ 

For    a  =  90  ,    —  =  cot  r,     or,  r~  —  ,  .  .  -  =tan  r. 

n  revs,  (n,)  of  driver 

Worm  Gearing.     In  this  case  a  =  90°,  #  =  1  and  the  teeth  of   B  are 

inclined  at  an  angle  r  to  the  edge  of  wheel,  and  tan  r=  9~ff  =  0-15916~R' 
Strength  of  Gear  Teeth  (Wilfred  Lewis).     Load  in  fbs.  transmitted 
by  teeth,  W  =  fp"by,  where  6=  width  of  tooth  face,  and  y  =  &  factor  depend- 
ing on  the  no.  of  teeth  (n)  and  the  curve  employed. 

0  912 
y,  for  involute  teeth,  20°  obliquity  =  0.154—  --  —  ; 

"       15°         "       (and  epicycloidai)  = 

n 

"     "  teeth  with  radial  flanks  =  0.075  -°  J  -'. 

n 

Safe  Working  Stress,  f,  in  Ihs.  per  sq.  In. 

Speed  of  teeth  in 

feet  per  min.  100  L''>n  500  1,000  1,500  2,000  2,500 

Steel,  /=  20,000  14,000  11,000  7,600  6,200  5,400  4,800 

Bronze,  /=  15,000  10,500  8,200  5,700  4,600  4,000  3,600 

Cast  Iron,  /=  8,000  5,600  4,400  3,000  2,500  2,200  1,900 

Approximate  Strength.  Safe  load  W,  in  lbs.  =  3006p"  for  (  .  I. 
(120op",  if  shook  js  to  be  provided  for.  Lineham). 

Rawhide,  ir  in  Ibs.  =:>7  t.,  llix&p"  (Ing.  Taschenbuch).  An 
American  gear-maker,  howe\  .at  rawhide  has  the  same  strength 

as  cast  iron 

Bevel  Wheels.     W  =  tf'b: 

large  diam.  of  bevel 
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H.P.  Transmitted  =  (  W  X  velocity  of  teeth  in  feet  per  m  in.)  -*-33  ,000 

Safe  Maximum  Speeds.  1,800  ft.  per  min.  for  teeth  in  rough,  cast 
(iron)  whe?ls;  2,500  it.  for  cast-steel  and  3,000  ft.  for  machine-cut  cast- 
iron  wheels. 

Proportions  of  Gears.  Face,  b  =  2p"  to  2.5p";  thickness  of  rim  = 
0.4p"  +  0.125  in.  at  edge  (add  25%  for  center);  thickness  of  rim  on  bevel 
wheel  (larger  end)  =  0.48p"  +  0.15  in.  (taper  to  vertex);  width  of  oval 
arms  (in  plane  of  wheel)  =  2p"  to  2.  op";  thickness  of  oval  arms  (par- 
allel to  shaft  )  =  p"  to  1.25p".  or  half  the  width  of  arm;  No.  of  arms  = 
0.55  v/No.  of  teeth  X^/p77;  taper  of  oval  arms:—  2p"  to  2.5p"  wide  at 
hub  end  tapered  to  from  1.33p"  to  1.66p"  at  rim;  thickness  of  hub  = 
p"-t-0.4  in.;  length  of  hub  =  6  to  1.256.  For  arms  of  cruciform  section: 
width  of  webs  in  plane  of  wheel  =  2p"  to  2.  op";  width  of  webs  in  plane 
of  shaft  =6  to  6  +  0.08p";  thickness  of  webs  in  plane  of  wheel  =  0.035p" 
(No.  teeth  -*•  No.  arms);  thickness  of  webs  in  plane  of  shaft  =0.32p"  +  0.1  in. 

Driving:  Chain.  Allowable  velocities  =  500  to  600  ft.  per  min.  No. 
of  teeth  in  sprockets  =  8  to  80.  Radius  of  sprocket  =  p"  H-  2  sin  (180°H-No. 
of  teeth).  p"  =  length  of  chord  bet.  centers  of  two  adjacent  teeth. 

The  Renold  Silent  Chain  Gear  consists  of  a  chain  made  of  stamped 
links  of  a  peculiar  form  which  runs  on  an  accurately  cut  sprocket  wheel. 
These  links  are  joined  by  hardened-steel  shouldered  pins  and  are  pro- 
vided with  removable  split  bushings.  Advantages:  high  speeds  (up  to 
2,000  ft.  per  min.);  largest  size  (2  in.  pitch,  10  in.  wide)  transmits  126  H.P. 
at  1,000  ft.  per  min.;  positive  velocity  ratio;  can  be  used  on  short  centers, 
in  damp  or  hot  places,  runs  slack,  thus  obviating  excessive  journal  fric- 
tion ;  the  contact  is  rolling  instead  of  sliding  and  the  running  is  practically 
noiseless.  No.  of  teeth,  18  to  120.  Where  load  or  power  is  pulsating,  a 
spring  center  sprocket  is  used  to  absorb  the  shock. 

BELTING. 

On  account  of  slip,  belting  does  not  transmit  power  at  an  exact  velocity 
ratio,  but  it  is  nearly  noiseless  and  can  be  used  over  distances  not  exceed- 
ing 30  ft.  without  intermediate  support. 

Belt  Tension.  In  any  belt  strained  around  a  pulley  and  in  motion 
there  will  be  a  slack  side  and  a  tight  side.  The  tension  on  the  tight  side 
is  equal  to  the  tension  on  the  slack  side  plus  the  frictional  resistance  to 
the  slipping  of  the  belt  on  the  pulley.  The  relation  between  Tn  (greater 
tension)  and  l»  (lesser  tension)  is:  Log  (Tn  H-fn)  =0.4343  ,d  +  r  =  0.007578^0°, 
where  /-=-r  =  (arc  of  pulley  embraced  by  belt)  -=-(  radius  of  pulley),  and 
0°  =  degs.  of  arc  of  pulley  embraced  by  belt. 

H  (coefficient  of  friction)  for  leather  belts  on  iron  pulleys  =  0.3  to  0.4 
if  dry,  and  0.15  if  oily;  for  wire  rope,  ft  =  0.l5  on  iron  pulleys  and  0.25 
on  leather-bottomed  pulleys;  for  hemp  rope  on  iron  pulleys,  /t  =  0.18 
to  0.28. 

The  Driving  Pull  of  a  Belt  =  Tn  —  tn  ,  and  the 
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Strength  of  Leather  Belting.  /<  (safe)  =320  Ibs.  per  sq.  in.  of  sec- 
tion, which  allows  for  lacing  or  other  jointing  (or,  275  Ibs.  for  laced  and 
400  Ibs.  for  lapped  and  riveted  joints).  Single  belts  run.  from  -ft  in.  to 
•fs  in.  in  thickness;  double  belts  from  f  in.  to  f  in.  Section  must  be  suf- 
ficient to  meet  Tn.  Rubber  belts:  /<=!!  l"s.  XNo.  of  pliesX  width  in  in. 

Tension  in   Belts  due  to  Centrifugal  Force  (unimportant   at   low 

spoils),     ft—  2=E  (where  w  =  weight  of  1  cu.  in.  of  leather  =  0.0358  Ib.)  = 

0.0134?'2,  and  total  tension  on  tight   side  =  Tn  +  0.01346/V2. 

Creep,  Slip,  and  Speed.  As  the  belt  tension  changes  from  Tn  to  tn 
a  slight  retrograde  movement,  or  creep,  occurs  which  is  due  to  the  release 
<>f  tension  and  which  causes  the  follower  pulley  to  revolve  at  a  correspond- 
ingly decreased  rate.  This  result  is  called  the  slip,  and  the  loss  amounts 
to  about  two  per  cent. 

Belt  Speed.  Generally  not  in  excess  of  4,000  ft.  per  min.,  at  which 
speed  max.  economy  is  shown.  Belt  speeds  however  rise  as  high  as  6,000 
ft.  per  min. 
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II.  r.  of  itdtiim  i  approximate  fora 

U-lt  width   in   in.  •  pulley  ,li:mi.   in   i  n.  X  revs.  per   ruin., 
H.l  .  for   .Mngle 

hells.      For    double    bells    di\i<li-    liv     UMiO    instead    of  2,800. 

S;iu  (»f   UHt-  .ind  Proper  i>is(ancc  hetueen  Shaft*.      (Sag  in  in.      «; 

Length  in  f«>ci 

Narrow  belts  over  small   pulleys,  /,       1.1  ft.,  x      1  ..1  to  2  in.;    wide: 

over  larger  pulleys.  /.     20  to  2.')  ft.,  «    -2.:,  to  -i  m.;   mai 

large    pulleys.    /,       2.',   to   :'.()   ft.,   *      4    to   .")   in. 

l.rllKlh      of      Kelts.       ..;„.,,      I,,.],          /.       4.B+Rd+2fi(R-R 

Crosse.l     l,eh;      L=2(#  +  tf1)(-|-+,?)+2/cos,?;     where  A      length  of  belt 

in  in.,  R  and  ft]  =  radii  of  larger  and  small*  r  pulle\ 
between    straight     part     of    belt    and    center    line    of    pulley- 
degreesXff-r-180,    in    circular    measure),    /  =  distance    between    <en'. 
pulleys   in    in. 

Cone    Pulleys    (open    belts).  —  To  secure  uniform   tendon  tlie  lei;/ 
the  l>elt  must  he  exactly  the  same  for  eac:i  pair  of  puliev 
/j|i  =  diam.    of  .smaller  pulley  of  a  pair,   Da—  larger   puli.-v.    n      I>_    !• 
dist:inc<-   between   pulley  centers   (all   in   inche-;,   and   //, 
which  Do  =  diam.  of  equal  pulleys  (giving  speed  ratio  n-=\).      1  I,  en. 
m)2  +(nDi  +  m)2=5l2.     Settle  on  values  of  I,  I)n,  and  -n,  sul)st.tnt.- 
in  equation  and  solve  for  Di;    the  diam.  of  corresponding  puiiey  I>j 
The  values  thus  obtained  are  correct  to  the  fourth  decimal  p; 
ypnd  the  accuracy  required  in  construction.     This  equ-ition  is  derive-1  fr-rn 
Dr.  Burmester's  graphical  method  given  in  his  "  Lehrburh  d<  r  Mefhanik." 

Let  n  and  ni  be  the  lowest  and  highe.-t  re-peitive  speeds  tor  any  set 
of  cone  pulleys,  and  x  the  number  of  speed  changes;  then,  the  sj>eed  ratio 

between  any  two  successive  speeds,  a=  -•/  —  ,  (geometric   ratio).      If    a 

back-gear  is  used  the  number  of  speed  changes  is  doubled  and  the 
ratio  of  the  back-gear  corresponds  to  the  term  of  the  series  when 
introduced. 

Principle  in  Kelt  Driving.  The  advancing  side  of  belt  mu.-t  move 
at  right  angles  toward  the  shaft  it  approaches,  while  the  retreating  side 
may  make  any  deviation. 

Lacing.      Punch  6  +  1   holes  in  each  end   of  belt,  arranged  zigzag,  in 
two  rows.      The  edges  of  holes  should  be  $  in.  from  sides  and  i  in.  from 
ends,  —  rows  at  least   1   in.  apart.     Lacing  should  not  be  crossed  on   t 
side  running  on   pulley.     (6  =  width  in  in.) 

Cemented  Holts.     (Formula  for  canvas  and  leather.) 

Gutta-percha,  16  parts;    India  rubber,  4;    pitch,  2;    shellac,  1;    li:. 
oil,  2;   "melt  and  thoroughly  mix. 

Leather-Belt  Dressing.  Use  tallow  for  dry  belts.—  with  the  addi- 
tion of  a  little  resin  for  wet  or  damp  places.  For  hard,  dry  belts  apply 
neats-foot  oil  and  a  little  resin.  Oil  drippings  destroy  the  strength  of 
leather.  Leather  should  not  be  exposed  to  a  temperature  much  above 


ITLLKYS. 

(Design  of.)     r  =  radius  of  pulley;    6  =  width  of  rim  =  li  to   l^X 
of    belt;     f  =  thickness   of   rim    at    center.  -  0.2    to   O.2.")//;     /,  -=thickm- 
hub,  =0.75/i  to  h;    /  =  lengthof  hub,  =6;    n  =  number  <>:   arms;    h=  width 

of  arm  at  center  of  hub;    7ii  =  width  of  arm  at   rim,  =O.Sh;    n  =  2.5-r-rr-f 

h  =  -£  +T7T~  +  0.25  in.     Thickness  of  arms  at  hub  and  rin^y  and  y  n- 

lively.  (The  above  for  arms  of  oval  cross  sect  ion.'  Pulleys  with  more 
than  one  fx?l  of  arms  may  be  con-idered  :i>  -eparate  pulleys  combined. 
with  dimensions  for  each  as  above,  excepting  lliat  arm-proportions  need 
be  but  from  70  to  80%  of  the  values  given.  Crowning  enter 

of   rim  =0.056. 

Friction  tearing.  P-lot.-d  pressure  forcing  wheels  together  at 
line  of  contact;  Fn  =  tractive  force  to  overcome  friction;  ••  coefficienr 
of  friction,  =0.1">  to  0.20.  metal  on  metal;  0.2.">  to  O.HO,  wood  on  metal; 
0.25,  leather  on  iron;  0.2,  w  .....  1  on  compres.-ed  paper. 
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/•'„  «/';  TI.P.  P.,  V  :  :<:;,(>:).).  Transmits  power  without  jar,  but  is 
limited  to  very  liKiX  loads. 

ItOI'K    TRANSMISSION. 

\\irr  IIopi'.  I"  c  1  where  belting  is  inipra-ticablo.  for  spans  of  70  to 
400  feet.  Rope-  u.-ed  arc  d  >trainl.  7  to  19  wires  per  strand.  The  sheave 
pulleys  have  a  deep  V-groove  with  a  rounded  bottom  of  alternating  leather 
and  rut)l)t-r  blocks.  T.ie  minimum  diameters  of  sheaves  for  obtaining 
maximum  working  tension  in  rope  without  overstraining  by  bending 
arc  I.~>(W.  llfW,  and  9<W,  for  ropes  of  7,  12,  and  19  wires  per  strand  respec- 
tively, where  <7  diam.  of  rope  in  in.  Actual  H.P.  transmitted  =3.  Irf2^, 
where  sheave  diams.  are  >  above  values.  Proper  deflection  in  feet=» 
0.0000695(span  in  feet)2. 

Speed-  from  3,000  to  6,000  ft.  per  rain.     (v=ft.  per  sec.) 

Manila  Rope. 

Piarn.  in  in.,  d=  *•  I  *  *  1  H  H  H  H  2  2*  2* 
Lbe.per  100ft.—  9.5  lo  20  30  34  42  50  70  112  130  170  192 
ritimato  strength  i.i  Ibs.  =  9,000rf2.  Safe  tension,  Tn  on  driving  side  = 

Ibs.).     Centrifugal  force,  F*=  -  ,  where  w  =  weight   of  1  ft.  rope. 


H.P.  transmit  ted  =  —  •  where  n  =  No.  of  wraps  of  rope    around 


pulley.  Hest  c  -onomical  speed  =  5,QOO  ft.  per  min.  Add  250  ft.  of  rope 
t<>  calculations  to  provide  for  tightener.  Sheave  dimensions:  pitch 
diam.=40rf  to  80d;  outside  diam.=pitch  diam.  +  2d  +  A  in.,  center  to 
center  of  grooves  =  1.5rf;  center  of  groove  to  edge  =  d  +  T1s  in. 

Cotton  Driving  Rope  transmits  about  i  more  power  than  Manila 
rope  for  the  same  diam.  Sides  of  pulley  groove  are  inclined  at  45°;  dis- 
tance from  center  to  center  of  grooves  =  l.od;  width  of  groove  at  out- 
side diam.  =  1.25d.  The  bottom  of  groove  is  rounded  with  circle  of  diam.  = 
0.66d. 

Sag,  «  (in  inches)  is  obtained  from  the  following  formula:    Tn  =  -~~  +  w8, 

for  driving  side,  also  tn  (="3  --  r-.F)  =  ^-  +  wa,    where    L  =  length    of 

span  in  feet. 

FRICTION. 

The  tractive  force  necessary  to  overcome  friction  between  the  surfaces 
of  solids  depends  (1)  directly  on  the  pressure  between  the  surfaces  in 
contact;  (2)  is  independent  of  the  area  of  the  surfaces  in  contact,  but 
increases  in  proportion  to  the  number  of  pairs  of  surfaces;  (3)  is  independ- 
ent (at  low  speeds)  of  the  relative  velocity  of  the  surfaces;  (4)  the  trac- 
tive force  dej>ends  on  the  coefficient  of  friction,  fi,  for  the  particular 
materials  employed. 

Tractive  force,  Fn  =  itP. 

Coefficients  of  Friction,  /<,  for  Plane  Sliding  Surfaces  (Morin). 
(For  low  speeds  and  light  loads  only.) 
Lubrication. 


Dry. 

Water. 

Olive-     T       i 
oil.        Lard- 

Tal-        Dry 
low.       Soap 

Pol- 
ished 
.     and 

greasy. 

1  0.5 

0.68 

0.21 

0.19       0.3( 

5     0.35 

6 

.65 

.1             .12 

.12        

.1 

1  63 

.87 

od.  .       .    .47 

.28 

Wood  on  wood. 
Metal  on  wood. 
Hemp  on  wood 
Leather  on  woe 
Stone  on  wood. 

Stone  on  stone 71 

Stone  on  W.I [..    .45 

Metal  on  metal 18       12          .1  .11        15 

Leather  on  iron 54 
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Values  of       for  Static   Friction 

Dry.  V.  Dry.          Wet. 


•n  «'.  I I)   311  t      0 

( '.  I.  'in  tin !•">  1 

('.  I.  <»n  pine 17 


Steel  .in  ,-teel.  .  .  .     0.4408 

Steel  "ii  C.  1 23 

Steel  «.n  tin :«',.-) 

I'uie  ..n  pine 474        0.<'>:5.~> 

a     tangent   of  the  angle  of  friction,  i.e.,  the  greatest   inclination  po--il>le 
before  sliding  occurs. 

It  surfaces  are  thoroughly  lubricated  the  friction  is  neither  solid  nor 
fluid  but  partakes  of  the  nature  of  both. 

Comparison    of    Solid    and    Fluid    Friction.     Solid    friction 
directly  :is  the  pressure  and  i>  independent    of  the  area  of  surface  and  of 
velocity  (when  low).      Fluid  friction  is  independent  of  tin 
directly  as  the  area  of  wetted  surface,  directly  as  v  (at  very   -I 
as  v2  (at   moderate  velocities)   and   as  v'J  (at   high    vel"  t   low 

speed-  Monn'>  table  may  be  used.      For  flat  surfaces,  400  to   l,iioo  ft.  per 
min.,  ('.  I.  on  C.  I.,  lubricated,  «  =  0.23,  at  a  p  ;    in. 

Friction  of  Journal  Bearings  (Beauchamp  Tower).  n  =  c^v-^-p, 
where  v  =  linear  velocity  in  ft.  per  ><•<•.,  and  />  pres.-ure  in  Ibs.  per  >«j.  in. 
of  the  projected  area  of  journal.  (Projected  area  =  length  Xdiam.). 
Values  of  c  vary  according  to  the  lubricant  employed,  viz.  <  >lr  • 
0.289;  lard-oil,  0.281;  mineral  grease,  0.431 ;  sperm-oil,  0.194;  rape-oil, 
0.212;  mineral  oil,  0.276.  These  values  are  for  thorough  bath  lubrica- 
tion. To  avoid  seizing,  p  should  not  exceed  600  fl,s.  JHT  s<|.  in. 

A  roughly  accurate  expression  for  the  coefficient  of  friction  for  machinery 
oil,  deduced  from  the  experiments  of  Tower  and  Osborne  Reynolds,  is 
(for  speeds  over  20  ft.  per  min.): 


//=  i.o-*  v-i-t/p.  where  T'=surfaee  speed  in  ft.  per  min., 

0=  excess  of  oil  temperature  above  60°  F.,  and  p=  bearing  pros-lire 

in  Ibs.  per  sq.  in. 

The  proper  length  for  a  lubricated  bearing  in  which  the  bearing  PI 
shall  be  less  than  that  required  to  squeeze  out  the  oil  film  is  I-  I'  -.   \(  d  <l\ 
where  /  is  length   in   in.,  rf==diam.  in  in.,  P=  total  load  on  bearing  in   Ib 
andAr=r.p.m. — (J.   T.   Nicolson  and   Dempster  Smith,   in    7V/ r 
London,  Nov.  23,  '06,  and  Feb.  8,  '07.) 

The  following  results  were  obtained  by  Prof.  A.  L.  Williston  (E. 
&  E.,  3-18-05). 

fi  (average).         Pressure  per  Sq.  In. 

Hyatt  Roller  Bearing 0118  80  to  345  lh<. 

C.  I.  Bearing 0608  80  to  250   " 

Bronze  Bearing 112  80  to  145   " 

The   bearings   were   all    1$   in.   diam.X4  in.,  lubricated   with   me 

heavy  machine-oil  of  good  quality.  The  C.  I.  and  bronze  bearings 
reamed  to  size  and  lapped  to  insure  perfect  surface  and  high  polish, 
starting  for  the  Hyatt  bearing  was  found  to  be  0.0058. 

Friction  of  Collar  Bearings.     For  »=15  to  90  Ibs.,  r  =  5  to  15 
/,  =  0.036. 

Friction  Loss  in  Journals  and  Collars  (R  =  outside  or  mean  radiu 
for  Journal  and  collar,  respectively).  Work  lost,  in  ft. -Ibs.  per  min.= 
FnV  =  fiPX2nRN,  or,  expressed  in  horse-power,  H.P.  =  0. 0001904  uPR V. 

Work  Lost  in  Pivot  Friction  =  (0.5  to  0.66)(2,r«JV>P)  in  ft.-lbs. 

LUBRICATION. 

Spongy  metals  like  C.  I.,  brasses,  and  white-metal  alloy*,  lessen  fric- 
tional  resistance  to  a  considerable  degree,  but  the  use  of  unguents  is  neces- 
sary for  good  results.  Lubricants  are  solid,  as  graphite;  semi-solid,  as 
greases;  liquid,  as  oils.  The  following  are  the  best  lubricants  for  the 
purposes  indicated  : 

Low  temperatures:    light    mineral  lubricating  oil-. 

Intense  pressures:    graphite  or  soapstone. 

Heavy  pressures  at  slow  speeds,    graphite,  tallow. 

lleavy  pressures  at   high  speed-:    -perm,  ca<tor,  or  heavy  mineral  oils. 
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pressures  at  high  speeds:  sperm,  olive,  rape,  or  refined  petroleum 

Ordinary    machinery:     lard-oil,    tallow-oil,   heavy   mineral   oil. 

Steam    cylinders:     heavy    mineral    oils,    lard,   tallow. 

Delicate  mechanisms:  clarified  sperm,  porpoise,  olive  and  light  mineral 
lubricating  oils. 

Metal  on   wood  bearings.    wat?r. 

I  --.ential  Properties  of  Good  Lubricants.  (1)  Body  or  viscosity 
sufficient  to  prevent  contact  of  surfaces.  (2)  Freedom  from  corrosive 
acids.  (.'5'  A-  much  fluidity  as  is  consistent  with  body.  (4)  Low  coeffi- 
cients of  friction.  (5)  High  flash  and  burning  points.  (6)  Freedom 
from  substances  likely  to  cause  crumming  or  oxidation 

Specific  Gravities  of  Lubricants.  Petroleum,  0.866;  sperm-oil, 
0.881;  olive-  and  lard-oils,  0.917;  castor-oil,  0966. 

Flashing  and  Burning  Points.  Sperm-oil  flashes  at  400°  F.  and 
burns  at  500°  F. ;  lard-oil  flashes  at  475°  F.  and  burns  at  525°  F. 

Thorough  lubrication  (preferably  the  oil-bath)  is  essential  in  order  to 
obtain  the  best  results,  and  to  prevent  seizing. 

Graphite  a>  a  Lubricant.  Foliated  or  thin  flake  graphite  when 
applied  as  a  lubricant  materially  reduces  friction  and  prevents  seizing 
and  injurious  heating  of  bearings.  It  may  be  applied  dry  to  surfaces 
where  pressures  are  light,  or  mixed  with  oil  or  grease  (3  to  8%  graphite, 
by  weight)  for  heavy  pressures.  It  may  also  be  used  to  advantage  in 
the  [>fesence  of  high  temperatures,  as  in  steam,  gas-engine,  and  air-corn - 
>r  cylinders,  and  also  in  ammonia  compressors  and  pumping-engines. 
Water  ot  condensation  often  suffices  for  a  mixing  lubricant. 

•Graphite  fills  up  the  minute  depressions  and  pores  in  metal  surfaces, 
bringing  them  much  nearer  to  a  perfectly  smooth  condition  so  that  a 
considerably  thinner  film  of  oil  (which  may  have  a  greater  fluidity  than 
usual)  will  be  sufficient. 

A  test  of  car-axle  friction  by  Prof.  Goss  (bearing  pressure  200  Ibs.  per 
sq.  in.)  gave  the  following  results' 

Sperm-oil  only,    9  drops  per  min.,  rise  in  temp,  per  hour  =  26°  F.;  /t  =  0.284 
Sperm-oil  with 

4%  of  graphite,  12.9    "       "       "        "     "     "          "     "     =  28°  F.; //  =  0.215 
(From  catalogues  of  the  Jos.  Dixon  Crucible  Co.) 

Power  Measurement.  Power  is  measured  by  dynamometers,  which 
either  absorb  or  transmit  the  power  undiminished.  The  Prony  Brake  is 
the  typical  form  of  absorption  dynamometer  and  consists  of  a  horizontal 
lever  connected  to  a  revolving  shaft  or  pulley  in  such  a  manner  that  the 
friction  between  the  surfaces  in  contact  tends  to  rotate  the  lever-arm  in 
the  direction  of  the  shaft  rotation.  This  tendency  is  resisted  by  weights 
on  the  lever-arm,  and  the  weight  that  will  just  prevent  rotation  is  ascer- 
tained. Let  P  =  weight  in  Ibs.  on  lever,  L  =  length  of  lever  in  feet  from 
center  of  shaft  to  point  of  application  of  weight,  V  =  velocity  in  ft.  per 
min.  of  point  of  application  of  weight  if  allowed  to  rotate  at  the  speed  of 
the  shaft,  JV  =  r.p.m.,  and  JF  =  work  of  shaft  or  power  absorbed  per 

Th.n,  W-PV  =  2*LNP  ft.-lbs.,  or,  H.P.= 


Cylinder  and  P.s ton-Rod  Lubrication. — Pints  required  per  hour  to 
lubricate  cylinders  =  0.0001 155D.V,  in  which  D  =  diam.  in  ins.  and  A'  = 
r.p.m.  This  formula  holds  for  both  simple  and  compound  engines,  the 
high-pressure  cylinder  diameter  of  latter  being  used  in  calculation.  For 
triple-expansion  engines,  take  mean  of  intermediate  and  h.p.  cyl.  diameters. 
For  4-cycle  gas  engines  multiply  result  by  1.5,  and  for  air  compressors 
by  0.5.  Piston  rods:  Pints  per  hour  =  0.00095.Srf,  in  which  .S  =  speed  of 
piston  in  ft.  per  sec.  and  d  =  sum  of  all  internal  gland  diameters  in  inches. 
This  formula  applies  to  the  piston  rods  of  steam  engines,  blowing  engines, 
and  gas  engines  (with  internally  cooled  piston  rods). — L.  Weiss,  in  Z.V.D.I.; 
also  in  Industrial  Engineering,  Mar.,  1910. 


HEAT  AND  Till-:  STEAM    i:\dINE. 
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K.iiliallon    from     Hare    >V.    I.    Pipes    in    K.T.U.    j>er   .-.|.  ft.  per    hour, 
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Radiation  and  Convection 


diff.         Radiation.           Still  Air.            Moving  Air. 

10                                                    1    1M7 

1.583 

50                   i' 

•j  038 

100                  o  mi                 i.77:< 

i:,u                                        i  '.is:: 

joo                                         2.18 

2.856 

•j:,i  i 

300 

mi-Pipe    Omrertefl    .                following  li.-                        •   coverings  1    in. 
thick                                                                                                                         :t)tract    tlie 
percentage  r                                  erage  conditions  (air  at                          .am  about 
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100  Ibs.  pressure)   1  sq.  ft.  of  hare  pipe  will  give  off  about  3  B.T.U.  per 
hour. 

H.T.U.  radiated  per  hour  per  sq.  ft.  of  surface  for  each  deg.  F.  difference 
in  temperature  between  steam  and  outside  air  (approx.). 

Hair-felt,  0.375  (2.5%);  Remanit,  0.415  (2%);  Manville  sectional, 
l>e-t.  05  (1.4%);  Magnesia,  0.515  (5.2%);  Asbestos  sponge,  felted,  0.575 
(9.2%);  Asbestos  air-cell,  0.675  (12%);  Navy  asbestos,  0.7  (8.4%); 
A-!.,-'.-  tire  felt,  0.745  (11%). 

Coverings  of  85%  magnesia  and  solid  cork  coverings  (1  in.  thick)  save 
about  83%  of  the  neat  that  would  be  radiated  from  a  bare  pipe.  Remanit 
.carbonized  silk,  wrapped)  saves  about  87%. 

Convection  is  the  transfer  and  diffusion  of  heat  in  a  fluid  effected  by 
the  motion  of  its  particles.  Water  in  the  bottom  of  a  vessel,  or  air  on  the 
floor  <if  a  room,  being  heated,  becomes  lighter  and  rises,  allowing  colder 
tluid  to  take  its  place.  Convection  currents  being  thus  formed  the  heat 
is  distributed  through  the  fluid. 

Expansion  results  from  the  application  of  heat  to  all  bodies.  (For 
coefficients  of  linear  expansion  see  foot  of  page  18.)  Water  between 
32°  and  39.1°  F.  is  an  exception  to  the  general  law:  it  contracts  as  the 
temperature  increases.  Cast  iron,  bismuth,  and  antimony  expand  when 
solidifying,  while  gold,  silver,  and  copper  contract. 

Measurement  of  Heat.  Temperature  is  a  measure  of  the  intensity 
of  heat  and  is  determined  by  the  employment  of  a  thermometer  or  a 
pyrometer. 

"Thermometers.  The  freezing-  and  boiling-points  of  water  (under 
atmospheric  pressure)  are  marked  on  all  thermometers,  the  space  between 
being  graduated  as  follows: 

System.  Divisions.       Freezing-point.    Boiling-point. 

Fahrenheit  (F.)  .......     180  32°  212° 

Centigrade  (C.)  .......     100  0°  100° 

Reaumur  ............      80  0°  30° 

whence  F°  =  1.8C.°  +  32  and  C.°-8(F.°-32). 

Pyrometers  are  used  to  measure  very  high  temperatures,  Le  Chatelier's 
being  a  thermo-electric  couple  of  platinum  and  platinum-rhodium  alloy 
employed  in  connection  with  a  galvanometer  and  calibrated  scale.  The 
hitfh  temperatures  of  furnaces  may  be  approximately  ascertained  by 
means  of  the  copper  cylinder  pyrometer.  A  small  copper  cylinder  of 
weight  w  (specific  heat  =0.0951)  is  allowed  to  attain  the  temperature 
1°  ot  the  furnace  and  then  plunged  into  a  known  weight,  w\  of  water  whose 
initial  and  final  temperatures  are  t°i  and  T°  respectively.  Then. 


Heat  Vnits.  The  heat  motion  in  a  body  depends  on  its  mass,  heat 
capacity,  and  temperature. 

The  British  Thermal  Unit  (B.T-U.)  is  the  amount  ef  heat  required 
to  raise  the  temperature  of  one  pound  of  water  through  one  degree 
Fahrenheit,  the  water  being  near  the  temperature  of  its  greatest  density, 
39.1°  F.  One  B.T.U  =  778  ft.-lbs.  of  energy. 

The  Calorie  (metric  system)  is  the  amount  of  heat  required  to  raise 
one  kilogram  of  water  one  degree  Centigrade  at  or  near  4°  C.  1  B.T.U  = 
0.252  Calorie  (Cal.).  1  Cal.  =  3.968  B.T.U.  1  Cal.  =  426.8  kilogram  -meters  = 
3087.1  ft.-lbs. 

Specific  Heat.  Bodies,  weight  for  weight,  vary  in  their  capacities 
for  absorbing  heat.  If  the  heat  -absorbing  capacity  of  water  is  taken 
as  unity,  the  relative  capacity  of  another  substance  is  called  its  specific 
heat  and  is  therefore  equal  to  the  amount  of  heat  in  B.T.U.  required  to 
raise  the  temperature  of  one  pound  of  the  substance  through  1°  F. 

Specific  Heats  of  Various  Substances.  Water  at  39.1°  F.,  1.00; 
water  at  212°  F.,  1.0132;  ice  at  32°  F.,  0.504;  mercury,  0.0333;  cast  iron, 
0.1298;  wrought  iron.  0.1138;  steel,  0.117;  copper,  0.0951;  coal,  0.24; 
tin.  0.05r,L>;  lead,  0.0314;  glass,  0.1976;  brass,  6.0939;  coal  ashes,  0.215. 
under  constant  pressure)  carbonic  oxide,  0.2479;  carbonic  acid, 
1I.1M7:  ammonia.  O.-iOX;  air,  0.2:575;  hydrogen,  3.409. 

i:\pansion  of  Ceases.  Bfaniotte's  Law.  The  volume  of  a  given 
portion  of  a  gas  varied  inversely  as  its  pressure,  if  the  temperature  be  con- 
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<  oinliiriatloii  of  Marriotlc's  and  <..i  \  -I  II--;K  '-    I  .a  UN.      /JF  =  a  con- 

Ib.  of  air  a  i.  ft.) 

under    atmo-pheric    pre--ure  MI.        _'.lli'.~>     Ib-.     per 

2,116.5     Jo.iM7.oi;    ft  ,,„!,    as    T  =  493°, 

l.aleni    Heat.       In    changing   from    solid    to   liquid    and    from    liquid    to 
through    critical     points    called     re-pertively 

the  point- of  fusion  and  of  evaporation,  and  at  these  points  heat   is  absorbed 
•form    the    work    of     molecular     rearrangement.      The     Latent     : 

•tie  quantity  of  heat  unit-  absorbed  or  given  out  in  chang- 
ing one  pound  of  the  -ub-tance  from  one  state  to  another  without  altering 

operative. 

I. .it. -lit   Heat  of  Siili-tances  in  II.  T.  I',  per  Lb.     Fusion    Ice. 
t..    MI-,    iron,    M.I   to   .">'.». t;    lead.   lo. :>:>.     Evaporation:    Water,   f 
ammonia.   .">:.".»;     bi-uh>hide   of_  carbon.    H52     S<  )o.   164. 
Bolll 


;in«l    MdiliiiK   I'olnts.     Saturation    is   said   to   occur  when 
all  the  latent   heat    required  for  >team  has  been  taken  up.      Boiling  occur- 
\\hen    the   ten-ion   in   (lie   water  overcome-   the  -tirrounding  pres.-ure.      Dry 
i-   that    which    ha-   a   s|x»cific    volume,   temperature   and 
•responditiK   t«   it-   complete    formation.      Wet    saturated   .-team 
•    in   pnx-e>-  •  of  formation  and  in  contact   with  the  water  from  which 
.-.-nerated.     Superheated    -team   is  that   which   has  its  temperature 
raised   above  that    of  the   formation   point, 

ific    volume      No.    of  cu.    ft.    i>er  Ib.     Specific    density      No.    of  Ibs. 
i     ft. 
Moi-tur.    in   •sjeam   is  measured  by  a  calorimeter,  and  the  percentage 

of  mo,-M,re,  IP-IOOX^  ~/7'  ~(T°~t°\  where  //     t,,tjli  heat,  L  =  latent 


heat  jx;r  Ib.  of  steam  at  the  pressure  of  the  supply-i>ipe.  7/i=total  heat 
per  Ib.  at  the  pn—urp  <>f  tlie  di-cliarge  side  of  calorimeter,  A'  =  specific 
heat  of  superheated  steam,  T°  —  temperature  of  the  throttled  su|>erheated 
steam  in  the  calorimeter,  and  t°  =  temperature  due  to  the  pressure  on 
the  le  (/°=-212°  I  at  atm  and  fc=0.48). 

All  Nut   *  to  \'"r  of  the  moi-ture  in  -team  may  be  removed  by  the  use 
•••r.  in   which  apparatus  the  direction   of  steam   How  meets  with 
atinipt  changes  and  the  water  particles  by  reason  of  their  momentum  are 
thrown    out    of   the    path    of   How. 

Tlie   «Juality    of   Superheated    Steam    Cor  the   j>ereentage   of  heat  in 
excess    of    that    ilue    to    th.-  .    Q  =  [L  +  0.48(T°  -t°)}-^-L,    where 

A  —  latent    heat    »f    1    Ib.   of  -team   at    the  observed   pressure,   T°  =  observed 

t'nre.   and    /°      tem|>erature   due   to   pre 

l're--ure   and   Temperature    Relation^  of  Saturated  Vapor.      Log 
p-a+6a"  +  c,r  (Regnault). 

32°  to  212°  K.  212°  to  428°  32°  to  212°  212°  to  428° 

a-3.025908  U)76         I    log  a  =  9.  998181-10       9.9985618-10 

Iof6-0.f.l  o    M2002  log  0  -0.0038134  0.0042454 

Jog  c-  8.  13204-10         7.74168-10    I  *°-212 
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D  fi 

Rankine  gives  as  a  close  approximation,  log  p  =  A—  —  —  ^,  where 
A  =6.1007,  logfi  =  3.43642,  log  C  =  5.59873,  and  p  =  lbs.  per  sq.  in.  (in 

Sensible1  Heat, — Heat  of  the  Liquid  (h).  The  number  of  B.T.U. 
reauired  to  raise  1  Ib.  of  water  from  tne  freezing-point  to  *°  Centigrade  = 
(t  +  0.00002*2  +  0.0000003$  X 1 .8. 

The  Total  Heat  of  Evaporation  is  the  quantity  of  heat  necessary 
to  raise  one  nound  of  water  trom  32°  F.  to  a  given  temperature  and  then 
evaporate  it.  Total  heat  (in  B.T.U.)  =  1,091. 7  +  0.305(*°- 32)  =  1,081.94 
+  0.305*°.  Latent  heat  =  total  heat  —  sensible  heat  =  (approximately) 
1,091.7  —  0.695(/°  —  32).  (For  greater  accuracy  subtract  the  sensible 
heat  as  obtained  from  formula  above  from  the  total  heat.) 

Density  (/)),  Volume  (F),  and  Relative  Volume  (Fr)  of  Satu- 
rated Steam.  The  density  or  weight  in  Ibs.  of  1  cu.  ft.  of  saturated 
steam  may  be  obtained  from  log  Z)  =  0.941  log  p  —  2.519.  The  volume 
of  1  Ib.  of  steam  in  cu.  ft.  may  be  obtained  from  log  F  =  2.519  —  0.941  log  p. 
The  relative  volume  or  number  of  cubic  feet  of  steam  from  1  cu.  ft.  of  water 
may  be  derived  from  log  VT  =4.31388-0.941  log  p. 

The  External  Work  of  1  Ib.  of  Steam,  We  (in  B.T.U.)  = 
1 14/<  (cu.  ft.  in  1  Ib.  steam  at  p,  — 0.016)  ,  0016=  ft  '  1  Ib  of 

778  '  W 

water. 

Evaporation  from  and  at  212°.  In  comparing  the  evaporative 
performances  of  boilers  working  under  various  pressures  and  tempera- 
tures, it  is  customary  to  reduce  them  to  a  normal  standard  efficiency 
expressed  by  the  equivalent  weight  of  water  which  would  be  converted 
into  steam  if  it  were  supplied  to  the  boiler  at  a  feed  temperature  of  212° 
and  evaporated  at  the  same  temperature  and  at  atmospheric  pressure. 
The  equivalent  weight  of  water  evaporated  "from  and  at"  212°, 

W=  -gT:..  where  H  =  total  heat  of  the  steam  generated  at  the  given  abso- 


lute  pressure  (gauge  pressure +  14. 7  Ibs.)  and  A  =  the  heat  of  feed-water. 
Properties  of  Saturated  Steam.  The  following  table  is  abstracted 
from  the  complete  tables  of  Prof.  C.  H.  Peabody,  whose  results  are  probably 
in  more  general  use  among  engineers  than  any  others.  H  =  total  heat  of 
the  steam  =  l,091.7  +  0.305(f°  — 32);  h  =  heat  of  the  liquid;  L=latent 

heat  of  vaporization,  =H  —  h.  Internal  work,  Wi  =  Z/———,  where  u  =  v  — 
.016  =  increase  of  volume  of  water  and  steam  during  evaporation  (1  Ib. 
water  =  .016  cu.  ft.).  Entropy  of  liquid  0tc=specific  heatXlog^— ; 

L  r° 

entropy      of      vapor,     ^8= f-<£,0;    r  =  /°  +  460.7.     p  (absolute )  =  pressure 

above  vacuum  in  Ibs.  per  sq.  in.;  t>  =  vol.  of  1  Ib.  of  steam  in  cu.  ft.; 
w  =  weight  of  1  cu.  ft.  of  steam  in  Ibs.  The  values  above  325  Ibs.  pres- 
sure are  from  Buel's  tables. 

Cooling  Water  Required  by  Condensers.  Heat  lost  by  steam  =  heat 
gained  by  the  water;  or,  Ibs.  steam X (sensible  heat  +  latent  heat  — temp, 
of  hot  well)  11 »-.  waterX(Hnal  temp,  of  water  — initial  temp,  do.),  which 
may  be  reduced  to  Ibs.  water  per  Ib.  of  steam,  u>  =  (l  113.94  +  . 305 T8 
—  Tk)  +  (Ttr -(><•),  where  T'8  =  temp.  of  steam  at  release,  Th  =  temp,  of 
hot-well  (usually  from  110  to  120°  F.),  Tw  and  ^  =  final  and  initial  temps, 
of  the  cooling  water. 

This  formula  has  been  criticised  by  E.  R.  Briggs  (Am.  Mach.,  5-18-05) 
because  it  assumes  that  the  whole  weight  of  entering  steam  must  give 
up  its  heat  of  vaporization  at  the  release  temperature,  when,  as  a  matter 
of  fact,  some  20  to  30%  of  the  steam  is  in  the  form  of  water  at  this  point. 
He  suggests  _the  following  formula  which  gives  much  smaller  results. 

w=(#— — —•)-*•  (Tie -to),  where  #  =  total  heat  per  Ib.  of  steam  sup- 
plied to  engine  (reckoned  above  Th),  x  =  steam  consumption  of  engine  in 
Ibs.  per  I.H.P.  hour,  and  2,545  =  B.T.U.  in  one  H.P.  per  hour. 

Specific  Heats  of  a  Gas.  The  specific  heat  (kp)  at  constant 
pressure  of  any  normally  permanent  gas  such  as  air  is  0.2375  B.T.U. 
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SPECIFIC    HEAT   AT   CONSTANT    VOLUME.  61 

The  specific  heat  at  constant  volume  (kv)  is  less,  no  external  work 
being  performed,  and  is  equal  to  0.1689  B.T.U. 

Expressed  in  foot-pounds,  and  using  capitals  for  symbols, 
K  P  =  184.77  ft.-lbs.,  and  Kv  =  131.42  ft.-lbs. 

The  specific  heat  of  a  gas  at  constant  pressure  is  the  same  at  all  tem- 
peratures. External  work  =  P(  F,  -  V)  =  &(r,  -T). 

Total   heat=XP(Ti— T);     .'.  Internal   work  =  (KP  —  R)(fi—  T). 

When  a  gas  is  heated  at  constant  volume  only  internal  work  is  done, 
consequently  KP  —  KV  =  R  =  53.354  ft.-lbs. 

The  Specific  Heat  of  Superheated  Steam  at  constant  pressure  is 
usually  taken  as  0.4805.  Grindley  states  that  it  averages  from  0.4317 
(between  230°  and  246°  F.)  to  0.6482  (between  295°  and  311°  F.).  Assum- 
ing a  straight-line  equation  between  these  values,  Specific  Heat  of  super- 
heated steam,  /fcp(at  <°)  =  0.3451 +0.00333(*°-212). 

Griessman  (Z.V.D.I.,  12-26-03)  gives  Arp  =  0.375  +  0.002083(*°-212). 
Prof.  C.  R.  Jones  (E.  R.,  7-16-04)  gives  fcp  =  0.462  +  0.001525p,  where  p  = 
absolute  pressure  in  Ibs.  per  sq.  in.  H.  Lorenz  (Z. V.D.I.,  No.  32-04) 
employs  the  following  formula,  where  kp  varies  as  the  pressure  and  inversely 

as  the  cube  of  the  absolute  temperature:   kp  =  0.43  +  1,476,000-^  (p  in  Ibs. 

per  sq.  in.;    r  =  461°  +  t°  Fahrenheit). 

By  making  fair  suppositions  as  to  the  temperatures  involved  in  Jones' 
experiments,  his  results  agree  fairly  well  with  those  of  Lorenz.  For  low 
pressures  the  value  of  Regnault  (0.4805)  seems  corroborated  by  these 
investigators,  while  for  pressures  around  120  Ibs.  a  value  of  0.6  may  be 
taken. 

A'p  for  superheated  steam  (when  kp  =  0.4805)  =  373.83  ft.-lbs.,  and 
Xr  =  288.05  ft.-lbs.  Kp  -Kr  =  85.78  ft.-lbs.  and  Kp  +  Ky=  1.3.  The  total 
heat  of  superheated  steam,  Hi=H  +  kp(t8  —  t),  where  H  is  the  heat  at  tem- 
perature t  of  the  steam  at  saturation  and  ta  is  the  temperature  attained 
in  superheating. 

Expansion  Curves.  Adiabatics  and  Isothermals.  The  area  A 
included  by  the  ordinates  P  and  PI,  the  axis  of  abscissas  and  the  curve 
of  formula  PV  =  Pi\\  =  C  is:  A  =  PF  loge  (F,-*-  F)  =  tfr  log*  (F,  H-  F)  = 
R  r  luge  r,  where  r  =  ratio  of  expansion.  When  the  curve  is  of  the  form 
PF"  =  P,Fi»  =  C,  A  =  (PF-P1F1)-5-(n-l).  n  =  r  =  (Kp  +  Kt-)  of  the  sub- 
stance employed  in  the  expansion. 

When  a  gas  expands  against  a  resistance  it  performs  work  which  requires 
an  expenditure  of  heat.  If  the  gas  itself  yields  this  supply  of  heat  its 
temperature  is  lowered  and  the  expansion  is  called  adiabatic  and  repre- 
sented by  PFn  =  C.  If  the  heat  required  during  the  expansion  be  sup- 
plied from  an  external  source  the  temperature  of  the  expanding  gas  remains 
constant  and  the  expansion  is  termed  isothermal  (PF  =  C). 

Various  Expansion  Curves.  Isothermal  of  a  perfect  gas:  PF  =  C. 
Adiabatic  of  a  perfect  gas:  PF  =C.  (7- =  1.3  for  superheated  steam  and 
1.408  for  air — usually  taken  as  1.41).  Expansion  of  dry,  saturated  steam 

without  becoming  either  wet  or  superheated:  pF1B  =  475  (Rankine),  or 
(p  +  0.35)(F  —  0.41)  =  389  (Fairbairn).  Adiabatic  of  saturated  steam: 
pVn  =  C,  where  n=  1.035  +  0.1  Xdryneas  fraction,  the  dryness  fraction 
being  the  weight  of  the  steam  after  the  water  particles  are  subtracted, 
divided  by  the  weight  of  both  steam  and  water  particles.  n  =  1.135  for 
initially  dry  steam  (Zeuner)  and  n=  1.111  for  steam  containing  25%  of 
moisture  (Rankine). 

(For  additional  relations  between  p,  v,  and  T  see  Compressed  Air.) 

Specific    Volume    of    Dry    Saturated    Steam.     F=—  +  v.     Take 

rp 

1°  at  1°,  find  the  increase  of  pressure  p  from  tables  for  1°.  v  =  vol.  of  1  Ib. 
of  water,  in  cu.  ft.  Z/  =  latent  heat  at  T°  F.  (absolute),  in  ft.-lbs. 

Volume  of  Superheated  Steam.  If  greater  than  that  of  saturated 
steam,  PV^.^QZ.d^.-QJlP0-25  (Peabody). 

Thermal  Efficiency  of  Heat  Engines.     Efficiency  =  — — ,  where   T   is 

the  absolute  temperature  at  which  the  heat  is  received  (which  should  be 
as  near  to  that  of  the  furnace  or  gas  explosion  as  possible),  and  TI  the 
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if  off    the    condensation    continur--.    lint,    a-    the    cyliruler 

t»»mpf»ratiirrs  Income  more  nearly  equalized,  the  latent  heat 

intiR  liquefaction  causes  a  |>artial  re-evaporation.     The  initial 

!>!,    bring    hut    partially   recovered    through    t; 
.    a    <i'i;i"tity    of    water   is    rejected    at    release,    j>art    of   which 
.  !irmc  the  exhau-t    and   cau-e~    na- 

M.  -tluMls  of   Reducing  (\vlindpr  Condensation.     If  the  engine  has 
j»   high    rotating  .-peed    the   time   of  each   stroke   is   too   short    to   allow   the 

tion    to   take   i.lare.      Clothing 

.  linder  with  non-conducting  materials  is  a  partial  means  of  preven- 

hcat    from    live   steam    to   the   walls   of  the  cylinder 

-'irrounding  jack«  •  evaporation  providing  that 

the  i  enough  to  permit  the  absorption  of  the  heat.     By 

unding.  th.  .  vided  among  2  to  4  cylinders  and   the   range 

•ude  cylinder  is  comparatively  small.       The  saving 

due  to  compounding  results  from    the  re-evaporation  taking  place  earlier 
ion, 

•  •:ini  is  the  most  effective  preventive  of  con- 

densation.    Saturated   steam   is   allov.-ed   to   flow  through   a  coil   or  other 
form  •.  T.  its  temperaUire  being  there  sufficiently  raised  by  the 

it   dry,  or  nearly  so,  during  the  stroke. 
">()°    F.,   cylinder   lubrication    beine   imp-  • 

at  higher  temperatures;    the  l>e-t    re-ult-.   however,  are  obtained  between 

•  loat   the  pressure*  do  not  need  to  be  so  high, 

UK  in  the  In  \  nu>derate  super- 

>re  bouer  temperature  •         .ally  in  long  pipe 

,  and  effects  a  saving  of   10  to   12%. 

At   ;  Aith  170°  superheat.  18%  of  the  steam-consumption 

lion  engine.      A  Diving  of   50%  has  been 
•'~r   more  nearly  represents  average  practice. 

following   formula!    approximate;-.  of   a   large 

number  of  te-t-<   (N     saving  in  per  cent): 

17  +  0.083  >  -turbines); 

5—  4  +  O.K  of  superheat  (for  reciprocating  engines). 

ii-  •    •  .    .1  EtapertoMn,     Ann  sq. 

when-  ,  am,  H"     11.^.  of  steam  to  be  super- 

temi>..  ty).  {,-temp.  after  superheating,  /3  =  ternp. 

of  furna-e  Raws  r  1  .(KM)0  t->   1,200°  F.),  6  =  B.T.l'.   transmitted  per  sq.  ft. 
of  heating  surface  per  hour,  where  (r3-M  -400°  to  500°  F. 
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Leakage  is  nearly  independent  of  speed  of  sliding  surfaces,  is  propor- 
tional to  difference  of  pressure  between  the  two  sides  of  valve,  and  is 
inversely  as  the  overlap  of  valve.  With  well-fitting  valves  it  may  amount 
to  over  20%  of  the  entering  steam,  and  rarely  falls  below  4%. 

For  an  unjacketed  cylinder  with  a  given  ratio  of  expansion,  initial  con- 
densation (expressed  as  a  percentage  of  the  steam  in  the  cylinder)  diminishes 
with  increase  of  initial  temperature,  while  the  total  condensation  per 
stroke  increases  with  such  temperature  increase. 

Re-evaporation  for  a  given  ratio  of  expansion  is  as  great,  and  sometimes 
greater,  without  jackets  as  with  them,  showing  clearly  that  the  regenera- 
tive action  of  the  cylinder  walls  with  a  given  ratio  of  expansion  is  largely 
independent  of  their  mean  temperature.  (Prof.  Capper,  in  Report  of 
Steam-Engine  Research  Com.  of  I.M.E.,  1905.) 

Calculation  of  Initial  Condensation  and  Leakage. 

Steam  not  accounted  for  by  indicator  _  c  logg  r 
Indicated  steam  d^N  ' 

where  r  =  ratio  of  expansion,  c  =  6  to  8  for  simple  unjacketed  engines, 
4  for  jacketed  slide-valve  engines,  2  to  4  for  Corliss  engines  (jacketed 
and  unjacketed,  respectively),  and  12  for  very  poor  engines. 

Indicator  Diagrams.  (Fig.  11.)  The  figure  shows  the  indicator  dia- 
gram of  a  simple  condensing  engine,  ON  being  the  vacuum  line  or  line 


s  -- 


Fig.  11. 

of  zero  pressure,  OS  the  line  of  zero  volume,  and  ID  the  atmospheric  line 
of  14.7  Ibs.  absolute  pressure  (0  Ibs.  gauge).  AR  is  the  length  of  stroke 
and  .S A  the  clearance,  which  is  the  volume  of  the  valve  passages  plus  the 
volume  between  the  piston  at  the  end  of  stroke  and  the  cylinder  head 
reduced  to  a  percentage  of  the  stroke.  (Clearance  ranges  from  2  to  7% 
of  the  total  volume;  when  unknown  it  may  be  assumed  as  being  3%  for 
well  designed  engines.) 

The  clearance  space  first  fills,  pressure  rising  immediately  to  A,  and 
the  piston  moves  to  B,  where  the  steam  is  cut  off,  and  expansion  takes  place 
between  B  and  C.  If  the  cut-off  is  gradual  (due  to  slow  closing  of  the 
steam  port),  the  steam  will  be  "wire-drawn,"  and  the  pressure  before  cut-off 
will  fall  along  the  line  ABf. 

The  exhaust  port  opens  at  C  and  the  pressure  drops  to  D  and  on  the 
return  stroke  through  D  to  E,  where  the  port  is  fully  open,  and  remains 
so  until  F  is  reached.  The  exhaust  port  closing  at  F,  the  remaining  steam 
is  compressed  to  G  (cushioning  the  stroke),  where  incoming  fresh  steam, 
(due  to  the  opening  of  steam-valve  slightly  before  the  commencement 
of  the  next  stroke),  rapidly  raises  the  pressure  to  the  starting-point  A. 
The  space  V  between  the  lines  FE  and  ON  represents  the  back-pressure 
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due   »  •  -«ure    iii    t;  .  "iin    i 

;   Ibs.   under  fair  condl- 
•;  equilateral  hyperbola 

:-M|   should   h»-  drawn   on   the 
......  .,;••-••,•.•          I  liking     in  ••    [mini     l/    on     •  he    act  u.-il 

•  '  Sit  arul  intersecting 

';      li  will   be  the  theoretical 

.i.i-.i  \,y  drawing  oh'; 

•..•ndiciilar  lot   fall  from    A"  will    inter-crt    /.'I/'    (drawn   pa-allel 

'  ,  the  desired  point.      V. 

MI  n  mav  be  approximately  fixe.:  -  two 

x  pan-ion    li-  Btangle  HK'M'I.' 

nin!   producing  flu-  diagonal   A"/.'   •  '    " 

Faults  shoun  l»y  Indicator  <  .ml-.       Fig.  llM    .1,     too  early  ad 

•:  ;     />.     t«  • 

;  it  If    compression  ;     (< 

early    rut  o(T;     //.      choked    admi-sion  ;     J,     choked    exhau-t  ;     AT,      leal.y 
•  :u.  h  ba<  k  u.     double  admission; 

ia>-d;  f).    <  >  tar  ahead;   /'.    -indicator  in< 

pi-ton;     R.      initial    condensation;     K,  —  re-evapora- 

T   -hows   the   form    of  rar.l    obtained    from    gas-engine-.   the   heavy  line 

ve  charge   i-  drawn   in   alone  the? 

'•d     along    t!io    l<i\vf>r    cnrvo.    and     iKiiit»-il     at 

.n,  when  the   ]>'•  instantly.     Expansion 

aloiiK  the-  U|)I.«T  curve  to  point   of  relraso,  where  the  ;  exhau-t 

i-*  then   reptcM-nte.l   by  tlip  at  rnosohoric  litio  to  the  point   of  beginning  of 

the  ignition   i*  not    instantaneous   but 

ilonc  the  dotted  curve-,   the   lower  one  indicating  too  late  ignition 

•    fake-  place  before  the  end  of  the 

-hovn  by  dotted  line. 


(  .ih  illation  of  Indicated  Horse-Power.      I.H.I'.        ",  where 


pm  i*   the    mean   effective  pressure  throughout  the  stroke,  in  Ibs.  per  >(\.  in., 
/,—  stroke,  in  feet,  a  —  area  of  piston,  in  sq.  in.,  and  2jV  =  No.  of  - 
per  minute. 

To  obtain  ]>m  (also  abbreviated  to  m.e.p.),  find  the  area  of  the  card  or 
diagram  by  means  of  a  planimeter  and  divide  same  by  its  length,  thus  obtain- 
averaire-  height,  and  express  this  height   in  Ibs.  of 

\;th   the  scale  of  the  spring  u-ed   in   the   indicator. 

(  >r.  divide  r.   11)  into  10  equal  parts  by  vertical  lines,  rnea-ure 

the    middle    ordinate  of  eacli   on  t  lie  di:i"r:im,   add  same   and    divide   by    10, 
thu*   obtaining   the   average  height.     Or,  trace   the  card   <  n   ,-ection  ruled 
paper,    ascertain    the    number   of   squares    included    by    the    boundary  line 
of  the  diagram   and  divide   this  nunilvr  by  the  number  of  square-   : 
horizontal    row    between    the  extreme   end    ordinates   of   the   diagram,   thus 
•nng  the   mean    height.      Should    th..-e   be  a    loop   in   the  diagram   (as 
r,    12  for  too  c.vlv  cut    off)   it-  a-.-a   -'i.nild   lx-  mihfnirtfil  from   t 
!er  of  the  d  indicated   by  the  loop  i-^  nei:  • 

\   ii  mini.      The    be-t    \acuurn    for  a    reciprocating  engine   is   from    L't   to 
when  the  barometer  i-  at  .'W  in.;    with  a  l>ctter  v'acuum  the  additional 
ire   off-et    by   the  lo»«>-   in   obtaining  same.      A   turbine   sliould    have 
the   1  ''>le   vacuum,  each   a<l«litional   inch   al>.\r   '_'  }    in.    reducing 

M-nmntion    -ome    J    to  6%. 
Indlrafed    \\.der  (  oti-uiiiptlon.      Lbs.  water  JKT  hour   per  T.H  P. 

.„.   where     /,      j-ercetitage     of     stroke     completed     at 
calculation   i-  made  (which  may  be  at   any  point   U>t  \\een 

percentage  of  clearance  to  the  stroke; 

in    Ib-.  of    1  cu.  "  at    the    nre<-ure    of   the    point   where  th. 

dilation   i-  made;    i/'i      Ib^.  in    1  cu.  ft.  of    steam  at    the  final  cornpn 

ire. 

IH.iirram  I'ai  tor.  In  a  theoretical  .liagram  with  admission  at  boiler 
pressure  (p)  up  to  the  point  of  cut  off.  expansion  along  a  hyperbolic 
curve,  release  at  the  end  of  >i-i  at  bar,-  R&),  and  m. 

compression,  Pm  -  -^  (  1  +  log*  r)  -  pft,  where  r  «=  ratio  of  expansion  =  number 
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of  volumes  the  original  volume  has  expanded  to,  p  and  Pb  being  absolute 
pressures. 

The  actual  Pm  of  an  engine   may  be  found   by  multiplying  the  right- 
hand  member  of  the   above  equation   by  c,   the   diagram  factor. 


\    \ 

\ 
\ 
\ 

X 


M 


Fig.  12. 


Values   of  c :   0.78  for  simple,   unjacketed,   slide-valve   engines.    Com- 
pound engines, — 0.6  to  0.8  for  high-speed,  unjacketed;    0.7    to  0.85  for 
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low-«p*ed.  unjark.  <>.(».   CoiiiM.jaek 

tnich  -i«-«-d.  unJACketad,  0.7;   marine  engines, 
0.66. 


No. 

Lof. 

No. 

Log. 

No. 

Log. 

Log. 

1 

0 

6683 

9.5 

2.2513 

25 

3.2189 

1.25 

.2231 

5.5 

7(H7 

9.75 

3  .  2581 

1056 

10 

:,-'..., 

11 

•2  3«.i7!i 

28 

3  3322 

2 

.,',:;! 

_'    4s4<» 

29 

2.25 

B100 

18 

-_'   .-,ii»  !l 

30 

3.4012 

2.5 

'.»!.,< 

0096 

14 

31 

3.434 

2.75 

01  Hi 

7 

0450 

1.-, 

•2   71  IM 

32 

3  .  4657 

3 

0066 

7  25 

0810 

16 

•2   77-''. 

33 

3   40(15 

3.25 

7   :. 

L-    01  !<• 

17 

•2   W2 

34 

3  .  5263 

3.5 

7    7:, 

-'   M477 

18 

•2    VMM 

35 

3  5553 

3.75 

8 

2  0794 

19 

2  .  9444 

36 

4 

8868 

8.25 

2  .  1  102 

20 

•2   W:>7 

37 

3.6109 

4.25 

4460 

8.5 

2.1401 

21 

3.0446 

38 

3  r,37« 

.6041 

8.75 

•2   ir.'.l 

22 

3.0911 

39 

3.6636 

4.75 

5581 

9 

2.1972 

23 

3i  13.V, 

40 

3.6889 

5 

OOM 

9.25 

2.2246 

M 

3.1781 

Diameter  of  Cylinder  for  any  prlvi-n  l.ll.r. 


Ratios    for    .Multiple    Expansion    Engines. — For    com- 
pound rrif  .),  ratio  — VNo.  of  expansions  =  2.8  to  3.5. 
For  triple  expansion  engines: 


130  Ib 
140  " 
150  " 

160  " 


For  quadruple  expansion  engines: 


High  Pres- 
sure Cyl. 
...     1 
.  .  .     1 
...     1 
...     1 


Inter- 
mediate. 
2.25 
2.4 
2.55 
2.7 


: 


l-t  Intor- 
inodiato. 

2 

2.1 

2.15 

2.2 


2d  Inter- 
im-diatp. 

4 

4.2 

4.6 

4.8 


Low 

Pressure. 

5.85 

6.9 

7.25 


Low. 
8 


Tho  ni'i-t  BOOOOOkHMJ  point  of  cut-off  in  a  simple,  non-condensing  engine 

i  ami   lr,  of  thp  >.fr(ik«-. 
T»u>  Jt'--*!   K.ilio  <.f  l-:\|).uiNion.      Tin  l.t -M   number  of  expansions  f.V) 

in  a  fimplo  roruiensiiiK  t-uv:>-  \i?  —  +  —"),   where  T   and    n 

V  LJ\  \  TI  T  / 

are  ab«oluu-  triii|H»ratun-..  I   and    I",  arc  v«,l>.  in  cu.  ft.  of  1  Ib.  of  steam,  L 
and  /  -.  and  /,  for  the  beginning  and  Vj.ri.and  L\ 

md    of   the   rxpan-ioii    ( Willans). 

Combination  «»f  Multiple   i:\p;in-.i,,M   Diaurains.      In   ordor  to  com- 

•  n    with    any   dt-itrd    i  IU-OHM  ical   curvo.   the  several  dia- 

grani-  -ion  cylindera  mu-t    be  plotted  on  the  same 

•  •inir  added  to  the  volumes  proper. 
Any  reference  curve  R  may  then  be  drawn.     (Fig.  13). 
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Steam  Consumption  of  Engines. 

Boiler  Pres-  Lbs.  Steam 


Type. 


I.H.P. 


sure,  Lbs. 
per  Sq.  In. 


per  I  H.P. 
r>er  Hour. 


80    30  "  35 
113    (18.6) 
75  to  90  22  to  27  (17.5) 
110  "  120  25  "  27 

80    18  to  20 

110  to  120  17  "  19 

180  (10.17) 
110  to  135  13  to  17 

135  (12.16) 
90  (12.19) 


300  to  1,000  160  to  180  11.2  to  15 

615  140         (11.85) 

575  120         (11.68) 

180  to  200  10  to  12 

420  143.4        (9.56) 


Non-Condensing: 

Common  Slide-valve  .......  ...        25  to  100  80         33  to  40 

Single-valve     Automatic,     high 

speed  .....................       50  "  150  80         32  "  40 

Double-valve    Automatic,    high 

speed  .....................       50  "  150 

Field,  with  superheat  .........  136 

Corliss,  Automatic    ...........      100  to  200 

Compound     '          .highspeed..      100  "  250 
Condensing  . 

Corliss,  Simple  ...............     200  and  up 

Compound      Automatic,      high 

speed  .....................      200  to  500 

Compound  Schmidt  (superheat)  75 

Corliss  ............     400  and  up 

Leavitt  ............  640 

Bollinckx.  .  .  .......  300 

Triple  Expansion,  Marine    and 
Pumping  .................. 

Triple  Expansion,  Sulzer  ....... 

••  .Allis  ........ 

Quadruple  Expansion  ......... 

Ric-e  &  Sargent  Cross-compound.  .  . 
(Vacuum,  26.8  in.,  superheated  to 
443°    F.,    Cyls.,   16.07    in.    and 
28.03  in.  (r  =  3.04))  .......................  (at  throttle) 

Lbs.  per 
E.H.P.  Hour. 

Westinghouse  -  Parsons     Turbine, 
(Vacuum,     28     in.,     superheat, 

100°  F.,  3,500  r.p.m.,  full  load).  .  553  150  13.55 

Same    (superheat,    140°  F.,    1,500 

r.p.m.)  .......................          2,030  150  12.66 

Same     (saturated     steam,     1,500 

r.p.m.)  ......................          2,030  150  14.7 

(A  gain  of  14%  by  superheating. 
Consumption  at  half  load  is  9% 
greater.)  ..................... 

The  values  in  parentheses  are  some  of  the  most  economical  results  ever 
obtained.  These  figures  may  be  expected  from  first-class  designs:  non- 
condensing,  25  Ibs.;  condensing  simple,  18  Ibs.  ;  compound,  16  Ibs.  ; 
triple  expansion,  13.5  Ibs. 

The  following  are  some  recent  economical  results  with  saturated  steam: 
Westinghou-se-Parsons  Steam  Turbine  (Dean  &  Main  test),  600  H.P., 
saturated  steam  at  150  Ibs.,  28  in.  vacuum:  125%  load,  13.62  Ibs.  steam; 
100%  load  13.91  Ibs.;  75%  load,  14.48  Ibs.;  41%  load,  16.05  Ibs.;  average, 
85%  load,  14.51  Ibs.  steam  per  H.P. 

850  H.P  Rice  &  Sargent  compound  Corliss  engine,  120  r.p.m.:  cylinder 
ratio,  1  :  4;  clearances  4%  and  7%;  live-steam  jackets  on  cyl.  head,  live 
steam  in  reheater.  For  600  H.P  load  (150  Ibs.,  28.6  in.  vacuum,  33  expan- 
sions) Prof.  Jacobus'  test  showed  a  steam  consumption  of  12.1  Ib.  per 
H.P  hour.  The  cyl.  condensation  loss  was  22%  and  the  jacket  con- 
sumption 10.7%  of  the  total  steam  used. 

250  H.P.  Van  den  Kerchove  compound  engine,  with  poppet  valves; 
126  r.p.m.,  cylinder  ratio,  1,  2.97:  clearances  4%,  jackets  all  over  cylinder. 
no  reheater.  For  117  H.P.  load  Prof.  Schri'.ter's  test  showed  a  steam 
consumption  of  11.98  Ibs.  per  H.P.  hour  (150  Ibs.  pressure,  27.6  vacuum, 
32  expansions).  The  cyl.  condensation  was  23.5%  and  the  jacket 
consumption  14%  of  the  total  steam. 

The   most  economical  engine   reported  is  a  Cole,   Marchent  &  Morley 


vertical  cross-compound,  with  unjacketed  cylinders  and  having  a  receiving 
een.     Nominal  H.P.  =  500;   cylinders,  21  and  36  in.,  stroke, 


reheater  between. 
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!IT   pn-f-uri'.    1  I  ! 

(-37-  HHI7;      I    I!. I'.       II.").".  \':H-UIIIII     L'll..".  in. 

I    H.P.,  <I.IM»S  II,,.      The 
:md    ha-    run    successfully   for 


VI J 


\ 


X 


I     I 

i     i 


>c, 


Fig.  13. 


o%-rr  a  year,  no  trouble  beinpc  experienced    with  the   high  temperatures 

•  r.    London,    .Juno    2,    1905.) 

rentors.      3il       •  .   l>:ill     «>r     Watt     Covernor.      Let     A  =  vertical 

•  T  from  tho  point  of  support  of  the  radius  or  i>endulutn  arms  to  the 

plane   in   which   thr  renter  of  gravity  <if  the   balls  or  weights  revolve  at 

any  particular  >i>^,\.     Then,  A  =  -  ;:>(,K)   inches,  and  N  =  ^^.      Greater 

N  x/A 

1  1-y  u-iiur  the  I'orter  tyj>o  (jf  governor,  which 
has  an  axial  weight   ir,  in  addition  to  tin-    fly  l>all  weights  (each  =  tt')  of  a 


-imple  govern 


this 


- 


in. 


\.t\\  <•-.         /.ellller'x     |)Ja 

the  normal  slide- valve   .1 


•  in. 
should 


When  the  crank  is  on   the  dead-center 
t>e   at    half-stroke,   90°   in    advance    of 

the  crank  and  on  the  point  of  admit- 
ting steam.      If  the   valve   h;. 
lap     li    added     to     it,     the     advance 
would  necessarily  l>e  90°  + steam  lap. 
•m    under   cornpres 

sjon   in  cushioning  the  stroke,  steam 
i-    admitted    slightly    before    the  end 
of  stroke  and  at    tiie  dead  center  the 
valve    is    then    open    by    an    amount 
railed   t  he  lead,  which   must    l>e  added 
'•0° -I- steam  lap),  to 
•he    position    of   the   eccentric. 
Steam    and    exhaust    laps  (B   and    C) 


form  an  additional  width  to  the  valve-face  ;ind  are  for  the  purpose  of  effcct- 
ing  an  early  cut-off  of  steam  or  exhau-t   How.     (Fig.  14.) 


ZllUNER  S    VALVE    DIAGRAM. 
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The  action  of  a  slide-valve  is  best  shown  by  means  of  Zeuner's  diagram 
(Fig  15)  On  the  diameter  AF(  =2Xeccentric  throw)  draw  the  circle 
ABFIf.  In  the  small  diagram  (I.)  draw  the  steam-valve  circle  OF  and 
also  the  exhaust- valve  circle  OA.  With  O  as  a  center  draw  an  arc  with 
radius  OM(  =  steam-lap)  and  also  an  arc  with  radius  OR(  =  exhaust-lap) 
If  the  crank  is  on  the  dead-center  A,  the  eccentric  will  be  at  B,  or  90° +  0 
in  advance.  The  intercepts  or  shaded  part  MF  made  by  the  radius  OB 


on  the  steam-valve  circle  will  show  the  amounts  of  port  opening  for  the 
corresponding  positions  of  OB,  or  the  eccentric. 

The  diagram  may  be  used  to  better  advantage  by  turning  the  valve- 
circles  back  90°  +  0,  as  in  the  main  figure.  Steam  is  admitted  before  the 
end  of  the  previous  stroke,  the  crank  position  being  shown  by  OK  which 
through  the  point  N.  The  angle  AOK  is  the  angle  of  lead.  At 


OA  the  crank  is  on  a  dead-center,  at  OB  the  steam  port  is  fully  open  and 
at  OD  steam  is  out  off  by  the  closing  of  the  port.  From  D  to  E  the  steam 
expands  in  the  cylinder.  At  E  the  exhaust-port  opens,  reaching  full 
opening  at  G  and  closing  at  J,  the  steam  remaining  in  cylinder  being  com- 
pres-ed  to  A',  where  fresh  steam  is  admitted  for  the  next  stroke. 

O.M  is  the  steam-lap,  OR  the  exhaust-lap,  aixl  LM  is  the  linear  lead 
due  to  the  angular  lead  AOK.  IT}'  is  the  width  of  the  steam-port  and 
the  exhaust  has  full  opening  from  O  V  to  OT.  (O  is  center  of  circle  ABF.) 


70  in  \r 

!••»•   l:ti<T  in    the   stroke 
,   ,      ,    ,•    .         .  .       i,        in       rarher  and  '  -M  ••-   latel  ;    r\iian-t   ami 

.-*«ion  are  ui.n.ang-d. 

n  i-  unchanged,  expansion  begins 

AH    UMU«1     »>'.  '      orrms     later    :i:  ..'her, 

I    <ea-e-     1  . 

.he.  adim  earlier  and  • 

later.  •  later  ainl   (ea-e-  earlier,  c\:  and  ceases 

later,   and    con.p 

.pan.-ion,  etc.,  all  U-gin 

unaltered. 

Val\'    Proportion-.  .MM    !»»•   dimensioned  allow 

u   vel<  -'nil.    for   live   .-train,   and    about    :,.I)UO   ft 

area 
(diam.  of  cypirtrm  *i>e«d  ^  near  diam. 


of  cyl.  as  possible,  and  width  -  area  +  length.      Width   «f   exhaust    port 


-—+  width   of    steam-port  -width     of     Bridge    between    ports  +  ex- 

lap. 

<Uam.  of  admi--ion-valve=» 
,:n  |...rt  ;  difl  -vidtli  of  exhaust- 

}M.rt.      Fx-nnth      diam.   <>f  «-yl.      \\idtli>   to   he   obtained    from   ar»-a  formula 
..i    -Inlc  Vm 

x,,,.i-iis    in    IV.-t    |.<-r    Minut,-.     Locomotives,    l.ooo    to    : 
jiiu--,    700;     horizontal   ciminr-,    -lOO    to   ('.)!);     pumping-en^ 

port    area  =  G,OOOT  pi-ton    >p<-(  d    in    ft.    PCI     nun. 

l'lo\\  of  MI-.  mi.  IJ)-.  prr  iniii.  o.  >•>."></;<  vviu-;i  dischargina  into  th« 
\\iirii  HowiiiK  from  one  pn-~-nre  to  another  whir'i  is  //  ll>-. 
less  ami  p-d>  .58p.  Ibs,  per  min.  =  1.9oA;V(p  —  d)d.-  A:  =  0.93  for  a  short 
nozz.e  and  0.63  for  an  orifice  in  a  thin  plate  (p—  absolute  pressure). 
velority  in  ft.  per  sec.  =  3.  5953v'/»7  when  A  =  heiRht  in  feet  of  a  column  of 
steam  «'f  tho  KIVITI  at.-olute  initial  i»ressure  and  of  uniform  density,  whc.s* 
s  cnual  to  the  ptf--n:r  <>n  the  unit  of  base. 

l'lo\\    of  MI.  mi  in   I'ipj's.     v  =  50T  ~j-,  where  L  and  D  are  the  leriKth 

and  iliamoter  of  tlio  pii»o  in  foet   and  //  is  the  height  in  fert   of  a  columv 
irn    at    rntratn'r    prr-suro   which    would    ))ro<luce   a  prr-sure   r<|iial   to 
tho  difference,  between   the   procure-   at    the   ends   of   the   pipe. 

Q,  in  cu.  ft.  per  min.  =  4.7233V  —f-~,  where  J  =  diam.  of  pipe  in  inches 
Li  __ 

/•          __  v    15 

"'  •  —  where  u'  =  lbs.  i>er  cu.  ft, 


•n  at  initial  pressure,  p\,  and  p2  =  pressure  at  the  end  of  pipe. 
Tlu«  Spttlr.K  of  Corliss  \;il\e«;.      There  are  three  marks  on  the  hut 
nf  ttie   \vri-t  plate   which   indicate  the  extremes  of  throw  and  the  centrai 

•  orduiKly   a-s   they  coincide   with   another  mark  on   the   stand. 
..•  wn-t  plate   in   the  central   position,  unhooking  the  rod  connecting 

to   the   eccentric.      Remove    the    back    bonnets    of    the    valves,    ami    marks 
will  U>  found  on  the  valves  and  valve-chambers  which  indicate  respectively 

of  the  valves  and  ports.      By  means  of  the  adju- 
PN|S  which  connect  the  valve  arms  to  the  wrist-plate    set    the   steam-valves 

-  will  have  a  lap  of  }  to  $  in.  (the  former  for  a  10-in.  cyl.,  and 
r   a  .'{.">  in.   cyl.,—  intermediate  sizes   in   proportion'. 

with  ft  to  i  in.  lap  for  non-condensing, 
and   with    i   to    I    in.    lap   for  condensing  engines. 

1-y   turning  the  wrist-plate  to  the  extremes 

1   r«  -gulate  their  lengths  so  that  when  they  are  down  a-s  far 

•  ••1   blocks  on   the   valve-arms  will  barely  clear  the 

•i   the   hooks.      (If  the   rodfl   are   too   long  they  will   be   l>ent,  if 

t    the    hooks    will    not    mirage    and    the   valves   will    not    i 

necting  rod    to   the    wri-t  -plate,    loo-en    the   eccentric,   turn 
j«ctoitric  ro,l»o  that  the  wi^t-plate  will  have  < 
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extremes  of  travel,  as  shown  by  the  marks  on  huh.  Place  the  engine  on 
either  dead-center,  turn  the  eccentric  enough  more  than  one-fourth  of  a 
revolution  in  advance  of  the  crank  (in  the  direction  of  rotation}  to  show 
an  opening  of  the  steam-valve  (at  the  piston  end  of  cylinder)  of  3";  to  i  in., 
according  to  the  speed,  this  being  the  lead.  The  higher  the  speed  the 
more  the  lead  required.  Set  the  eccentric,  turn  to  the  other  dead-center 
and  obtain  the  same  lead  by  adjusting  the  length  of  the  rod  connecting 
to  wrist-plate.  To  adjust  the  regulator  connections  to  the  cut-off  cams, 
turn  the  wrist  -plate  to  one  extreme  of  travel  and  adjust  the  rod  connecting 
to  the  opposite  cam  so  that  the  cam  will  clear  the  steel  in  the  tail  of  hook 
by  &  in.  Turn  to  the  other  extreme  of  travel  and  adjust  the 
other  cam.  To  equalize  the  cut-off,  block  up  the  regulator  about  li  in., 
which  is  its  average  position  when  running.  Turn  the  engine  slowly  and 
note  the  positions  of  cross-head  when  the  cut-off  cams  trip  and  the  valves 
close.  These  positions  should  be  at  equal  distances  from  the  respective 
extremes  of  travel  of  the  cross-head,  and  the  rods  should  be  adjusted 
until  they  are.  Indicator  cards  should  then  be  taken  and  such  readjust- 
ments made  as  are  required  for  the  equalization  of  the  diagrams. 

To  Place  an  Engine  on  a  Dead-center.  Locate  by  a  mark  on  the 
guides  the  position  of  a  mark  on  the  cross-head  when  it  is  at  any  point 
near  the  end  of  the  outward  stroke.  Denote  this  position  on  the  fly- 
wheel rim  by  a  mark  which  coincides  with  a  fixed  reference  pointer.  Turn 
the  engine  Deyond  the  dead-center  and  on  the  return  stroke  until  the 
mark  on  the  cross-head  coincides  with  that  on  the  guides.  Note  this 
position  on  fly-wheel  by  making  a  mark  at  the  reference  pointer.  Find 
the  point  midway  between  the  two  marks  on  the  fly-wheel  rim  and  turn 
the  engine  until  this  mid  point  coincides  with  reference  pointer  and  the 
engine  will  be  on  a  dead-center.  To  avoid  the  errors  which  might  arise 
from  looseness  of  bearings,  the  engine  should  be  turned  a  little  beyond 
the  original  position  on  the  return  stroke  and  the  motion  then  reversed 
up  to  the  original  position  so  that  the  same  brasses  will  press  on  the  crank- 
pin  in  both  observations. 

Acceleration,  Inertia,  and  Crank-effort  Diagrams.  The  effect  of 
the  reciprocating  parts  of  an  engine  is.  shown  in  Fig.  16.  A  vertical 
engine  is  chosen  for  illustration  as  both  the  inertia  force  and  the  dead 
weight  of  the  moving  mass  are  present,  the  effect  of  the  latter  being  absent 
in  a  horizontal  engine.  Draw  the  crank-circle  JKLM  with  radius  04  = 
21  in.  and  the  connecting-rod  3  4  =  90  in.  Draw  the  polar  velocity  curves 
KU  and  Ml'  and  also  the  velocity  curve  AXB.  These  curves  are  con- 
structed as  follows-  In  (II),  if  W  moves  uniformly,  AW  represents  the 
crank  velocity.  Project  the  connecting-rod  PW  to  C  and  AC  will  then 
be  the  corresponding  piston  velocity  of  the  point  P.  Revolve  AC  to 
AE  on  the  line  A  W  and  E  will  be  a  point  in  the  polar  velocity  curve.  Trans- 
fer AC  to  PF  and  F  will  be  a  point  in  the  velocity  curve  JKH.  The 
remaining  points  of  each  curve  are  similarly  determined.  The  crank  0  4 
makes  88  rev.  per  min.,  and  the  crank-pin  consequently  has  a  velocity 
of  16.1  ft.  per  sec.  and  OK  (=ordinate  X)  should  be  divided  into  16.1  parts 
to  serve  as  a  scale  of  measurement.  The  acceleration  curve,  QTR  must 
then  be  drawn  by  the  method  shown  in  (III).  Let  AEB  (III)  be  the 
velocity  curve.  Draw  a  tangent  at  any  point  E,  a  normal,  ED  and  let 
fall  a  perpendicular  EC  to  AB.  Set  off  CF  =  CD  by  revolving  CD  through 
90°  and  F  will  be  a  point  in  the  acceleration  curve  GKH.  QT  and  TR 
show  respectively  the  increase  and  decrease  of  velocity  for  the  downward 
stroke  and  RT  and  TQ  the  acceleration  and  retardation  for  the  up  stroke. 

The  force  moving  the  reciprocating    parts  around  the  dead-centers  J 

and   L  =  —.     The   inertia  force,  =—,  whence,   /,   the   acceleration  =  -^  = 
OK  Q  R 

'  l  75  =148  ft.  per  sec.  AQ,  therefore,  should  be  divided  into  148 
parts  for  a  scale  of  acceleration  in  ft.  per  sec.  The  moving  parts  of  the 


engine  weigh  8,030  Ibs.  and  the  inertia  force  at  any  moment,  JP—  Ht. 

3~'jgX  acceleration,  or,  at  AQ(  =  148  ft.  per  sec.),  .F  =  36,911  Ibs.     Draw 

NSP  below  QTR,  each  ordinate  of  distance  between  the  two  curves  being 
equal    to   QX,  which  is  8,030  Ibs.  by  scale  where  .4  Q  =  36,911  Ibs.     NSP 


\\1>    TH  fHNE. 


ton  in  iiq.  in.)     75.2  DM.      Draw  the  indicator 
oarda  to  thi*  scale,  vie.:    KijXIIIt  f..r  tin-   top  <.f   I.J-I..M   ami    F/'OM    ior 


\ 


CX  S5 


th«  l><>tt<.m.  Wlu-ii  QXIlli  \*  \*>\HK  .Jniwn  l.y  tlio  indicator  on  tho  top 
•  IM-IIHI,  .l/-'/^  i-  IN-IMK  ilrawn  mi  the  bottom  H<le,  and,  deduct  iriR 

tiie  nnlinsiti—  at  f  frum  th«-c  at  //.  t  lie  net  effective  |>re->ure  will  l>o  repre- 
i  by  the  ««)lid  lit.e  M 'It.  Similarly,  by  deducting  A'i»rdinates  from 
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G  the  curve  of  net  pressure  is  shown  along  VN  The  actual  total  pres- 
sure transmitted  t(»  the  crank-pin  during  the  first  half  of  the  stroke  will 
be  less  than  that  shown  on  the  indicator  diagram  by  the  amount  required 
to  .-ct  the  reciprocating  masses  in  motion,  and  during  the  latter  half  of 
the  siroke  the  indicated  pressure  will  be  increased  by  the  backward  pull 
jier.led  to  absorb  the  inertia.  The  top  card  accordingly  loses  the  area 
.IAN  and  train-  SJil'.  the  resulting  pressure  areas  then  being  NlXWPSN 
for  the  top  and  PZVNSP  for  the  bottom,  or,  erecting  the  resulting  ordi  nates 
on  the  base  AB,  the  top  and  bottom  areas  are  respectively  AbdBA  and 
hejAB.  To  equalize  these  areas  it  will  be  seen  that  the  cut-off  on  the 
bottom  diagram  is  considerably  later  than  that  on  the  top  diagram,  on 
account  of  ttie  dead  weight  which  has  to  be  supported.  Only  the  recipro- 
cating parts  cause  inertia  force.  The  crank  end  of  the  connecting-rod  is 
a  rotating  part,  and  it  is  customary  to  assume  $  of  the  weight  of  the  rod 
as  reciprocating.  The  revolving  parts  are  balanced  by  opposing  weights 
on  the  crunk-shaft.  When  the  crank  is  on  either  dead-center  all  the 
pressure  is  received  on  the  bearings,  while  at  mid-stroke  the  pressure  is 
exerted  tangent ialty  with  no  pressure  on  the  bearings  excepting  that 
due  to  weight.  At  all  other  points  the  pressure  is  partly  tangential  and 
partly  normal.  The  tangential  pressure  at  any  point  is  proportionally 
represented  by  the  corresponding  radius  vector  of  the  curve  KL'  If  JO 
is  then  divided  into  tenths  the  length  of  each  radius  vector  in  terms  of 
these  divisions  will  represent  its  virtual  crank-arm  in  relation  to  the  pres- 
sures transmitted  along  ABO.  Multiply  each  net  pressure  ordinate  along 
AB  by  its  virtual  crank-arm  and  set  off  the  resulting  tangential  crank 
pressures  radially,  with  the  crank-circle  JKLM  as  a  base  line  and  the 
curves  of  crank-effort,  JghjL  and  LklmJ  will  be  obtained.  These  curves 
may  be  set  out  on  a  straight  base  by  stepping  JK  out  on  CO,  and  KL 
on  OD  and  then  transferring  the  radial  ordinates  to  vertical  positions 
along  the  line  CD  when  the  curves  CnD  and  DpC  result.  In  locomotives 
two  cranks  at  right  angles  are  employed  and  in  marine  engines  three  cranks, 
120°  apart.  A  combination  diagram  may  be  made  by  sii[>erposing  the 
diagrams  of  the  individual  cranks  and  adding  the  radial  ordinates.  (The 
foregoing  discussion  is  taken  from  Lineham's  Text-Book  of  Mech.  Eng.) 

Calculation  of  Fly-Wheels.  On  the  base  line  EH  (Fig.  17)  lay  out  a 
series  of  crank-effort  diagrams,  making  EAF  and  FCG  equal  to  DpC 
and  CnD  of  Fig.  16.  EG=l  rev.  =|U;r=ll  ft.  The  mean  ordinates  of 
EAF  and  FCD  are  29,500  Ibs.  and  25;000  Ibs.  respectively  and  one-half 
their  sum,  or  27,250  Ibs.,  is  the  mean  effort  for  the  continuous  diagram. 
Draw  JK  at  this  pressure  above  EH.  The  areas  A,  C,  etc.,  above  the 

ioialsi 
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line  JK  show  surplus  work,  while  B,  D,  etc.,  below  the  line  show  deficits. 
The  fly-wheel  must  absorb  the  work  of  A,  C,  etc.,  and  give  it  out  again 
at  B,  D,  etc.,  thus  tending  to  equalize  the  crank-effort.  The  mean  pres- 
sures and  distances  are  measured  at  A,  B,  C,  and  D  and  are  shown  by 
the  work  rectangles,  and  yl +  C  =  5-1- D  =  88,700  ft.-lbs.  The  greatest 
rectangle  is  D,  =49,560  ft.-lbs.,  which  is  the  amount  of  energy  the  fly- 
wheel must  be  able  to  deliver  and  thereby  decrease  its  velocity.  The 
heavier  the  wheel  the  smaller  will  be  its  fluctuation  of  velocity.  Let  v  = 

mean  velocity  in  ft.  per  sec.  and  let  the  total  fluctuation  of  velocity  =  -j-, 

where  k  varies  from  20  to  300,  according  to  the  steadiness  required.  Let 
Vi  and  vz  be  the  maximum  and  minimum  velocities  at  the  mean  radius, 
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JT-the  energy  are*  (in  this  caae  49,560  ft.-lbs.).     Then 

where    to  -weight    of    wheel    in    It*.      Now,    »«  -  »2  -  -j[:  .  »,  +r2-2t>,  and 

t>  —  2*/?.V-MJO,  where  ft     radiu--  nf  gyration  of  wheel  in  feet.     Substituting 

2  ftX^7*"Ar  /  1 

and  reducing,  weight  of  wheel  in  Ibs.  u?-    ft2jva   •     Values  of  A:    (^-"Per- 


centage of  fluct  nation   from   the   mean  speed). 

hammeringand  crushing  machinery    k-5;  for  pumping  and  shear- 
ing machinery.  ~0  to  :«);    for  ordinary  driving  engines  for  machine-shops. 
for  milling  machinery  and  gear  tran-rm-^ion.  .">();    for  spinning 
•ii-ry.  50  to  100;    for  electric  lighting,   150  to  i-UX). 

If  the  diameter  of  the  wheel  be  large  and  the  rim  heavy  (as  compared 

with  the  arm*  and  hub'.  R  may  be  taken  as  the  radius  to  center  of  rim 

section.     If  the  huh  and  arms  are  of  considerable  weight,  assume  a  section 

of  tly  wheel,  replacing  the  arms  by  a  thin  disc  of  equal  weight  and  treat 

.,,,!,.  eroaa  -ertion  of  the  wheel  through  the  shaft  as  a  beam  section, 

finding  its   modulus,  S.  multiplying  the  same  by  y,  the  outer  radius  of 

wheel,  and  thus  obtaining  7,  which    divided   by  the  total  area  of  cross- 

o,  will  give  ft2,     v  must  be  measured  at  ft  and  great  care  taken  to 

avoid  the  confusion  incidental  to  calculating  in  both  feet  and  inches. 

wnere  d,  *,  and  D  are  diam.  of  cyl.  in  in.,  stroke  in  in.,  and 

diam.  of  fly  .vheel  in  feet,  respectively  (J.  B.  Stanwood).  Values  of  C 
ordinary  .-fide-  valve  engines,  350,000;  Corliss  engine  for  ordinary  duty 
and  slide-valve  engines  for  electric  lighting,  700,000;  automatic  high- 
speed and  Corliss  engines  for  electric  lighting,  1,000,000. 

Proportions  of  Steam-Engine  Parts.  In  the  following  table  the 
formulas  attributed  to  Prof.  John  H.  Barr  are  mean  results  obtained  by 
him  from  some  160  engines  (from  12  American  builders)  ranging  from  20 
to  750  H.P.  Those  of  J.  B.  Stanwood  are  the  conclusions  of  an  extended 
practice  and  those  of  Wm.  Kent  are  the  best  probable  mean  expre- 
of  a  large  number  of  formulas  considered  and  discussed  by  him  in  The 
Mechanical  Engineer's  Pocket  Book.  The  following  notation  is  employed 
a  —  area  of  piston,  /"-length  of  stroke,  d  =  diam.  of  piston,  dj=diam.  of 
fly-wheel,  «  —  diam.  of  cylinder  studs,  t  =  thickness,  f  ,  =  length  of  con- 
necting-rod (2.57  to  3/).  All  in  inch  measure.  ^V  =  r.p.m.,  p  =  max. 
steam  pressure  in  Ibs.  per  so.  in.,  F=  piston  velocity  in  ft.  per  min.,  H.P. 
and  I.H.P.  -rated  and  indicated  horse-power,  respectively.  (See  also 
related  matter  in  Strength  of  Materials,  ante.) 

Ban-.  Kent.  Stanwood. 

Cylinder: 

Thickness  of  walls,     0.05<f  +  0.5  in.    0.0004<fp  +  0.3  in. 
"  flanges,      1.  2  X  above 

"heads,  0.00036<fp  +  0.31  in. 

Studs,  No.  of  (6),  0.7d          0.0002(Pp-t-»2 

diam..  0.025d-r0.5  in. 

length  of  piston,        0.46d(h.a.)J 
•*       -       -  0.32rf  (l.s.)  I 

rod  diam.: 


ting-rods: 

High  speed,  rectan- 

g  u  1  a  r      section, 

thickness,  t-  O.OST^ljT         O.Olrfv/p  +  0.6  in. 

Mean  height-  2.71  (Crank  end,  2.25<, 

cross-head    end, 

Low  speed,  circular 
section.  mean 
dimm.-  0.092  V/rf 


STEAM-ENGINE    PROPORTIONS. 


75 


Cross-head  pins: 

(L  =  length,D  =  diam.) 

High  speed,  I 

Low       "  L 

Crank-pins: 

(L  =  length,  D  — diam.) 


Barr. 


=  0.07a;  LT  = 


High  speed, 


LD=  0.24a;  L  =  °-3I?-P>  +2.5  in. 


Low       "  LZ>  =  0.09a;L 

Crank-shafts,  Main  Journals: 


I 

0.6H.P. 
I 


+  2  in. 


High  speed,  \LD  =  0.46o ;  D  =  7.3^  ^~  ;  L  =  2.2D j 

') 


Low 


=  0.56a  ;  D 


L  =  1  .9D 


Steam-ports,  area: 
Slide-valve, 
High  speed, 
orli 


a  V  +  5,500 
aFn-  6,800 


Corliss, 
Exhaust-ports,  area: 

Slide-valve, 

High  speed, 

Corliss, 

Steam  pipes,  area: 
•  Slide-valve, 

High  speed, 

Corliss, 
Exhaust -pipes,  area: 

Slide-valve, 

High  speed, 

Corliss, 
Fly-wheel  weight,  in  Ibs.  per  H.P. 

Slide-valve,  

Highspeed,  l^OO.OOO.OOO.OOOn-di2^3 

Corliss,  

Weight  of  engine: 


aF-i-5,500 
a  FH- 5,500 


aF-J-6,500 
aFn-6,000 


aFn- 4,400 
aF-J-3,800 


diam.= 


diam.= 


Slide-valve, 
High  speed, 
Corliss, 


115  Ibs.  perl.H.P. 
175 


Stanwood. 
=  0.25dto0.3d 


0.22dto0.27d 


=  0.85dtod 


OA2dto0.5d 


O.OSa  to  O.OQa 
O.la  to0.12a 
0.07a  to  O.OSa 

0.15ato0.2a 

0.18ato0.22a 

0.10ato0.12a 

0.25d  +  0.5in. 
0.33d 
0.3d 

0.33<f 

0.375d 

0.33d  to  0.37d 


25  to  33 
80  to  120 

Ibs.  per  H.P. 

125  to  135 

90  to  120 

220  to  250 


Piston  speed  in  ft.  per  min.  =  600;  weight  of  reciprocating  parts  in  Ibs., 
for  high-speed  engines  =  1, 860 ,QOOd2-t-lN2;  square  feet  of  belt  surface  per 
I.H.P.  per  min.  =  55  (high  speed)  and  35  (low  speed)  (Barr). 

Clearance  space:  Corliss,  0.021  to  0.04J;  high  speed,  double  valve,  0.03J 
to  0.05J;  high  speed,  single  valve,  0.08/  to  0.15Z;  slide-valve,  0.06/  to 
0.08J.  Pressures  on  wearing  surfaces  in  Ibs.  (Z/  =  length,  Z)  =  diam.,  both 
in  in.):  Main  bearings,  140LZ)  to  160  LD;  crank-pins,  l.OOOLD  to  1.200LD; 
cross-head  pins.  1.200LD  to  1.600LD  (Stanwood). 

Pressure  on  thrust-bearings  =  35  to  40  Ibs.  per  sq.  in.  of  area  (Fowler). 

Receiver  volume  for  compound  engine:  If  the  cylinders  are  tandem, 
the  connecting  steam  passages  will  be  sufficient.  If  the  cranks  are  at  90°, 
the  volume  of  receiver  should  be  at  least  as  great  as  that  of  the  low-pres- 
sure cylinder. 
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In   iin    iridn-ator  diagram    th,-   < rdmatrs  are   pre^-ure  :in<l    volume  and 

n   ft. -ll»-. 

In  i"py    ili:iirr;ini    tin-    vc-rt  jral    nrdii  olute 

.  -.   llic   horizontal  Ordinatefl,   »r  al)-i-i<-as.  arc   quantitM:.-   termed 

•ntroy,  aad  UM  are*  represent*  energy  mea-ured  in  heat  unit.-.     Km  ropy. 

lieat- 


length    in    a    dial'-  «-nenry    in    ht 

unit-  • -i  pf  nature. 

thennalfl    »n    thi-    diagram    are    horizontal    straight    lines, — the    tem- 

C-     '.-nit.      and  adial>ati<  il   -traight    line.-,      there 

ing  no  change   in   t  tie  ipiaiitity  of  heat   during  a  Change  "f   tcmpe: 
Application    to    <  arnot    Cycle    (Fig.     18).        Heat     supplied    at    TI  = 

area    //It    and    heat     rejected    at   r2«= 
1  /f  and  <  I)  hemg  isothermals 
an<l    /if    and    AD    lx>ing 
Work  done 


B 


fy///////A 


//i  —  //-,  ami  efficiency  =• 
(//,-//        //        rt-rte)-*Ti. 
Construction    of    Diagram   for 

AValcr  and  Strain.  The  diagram  is 
drawn  to  represent  the  cha: 
1  11).  of  working  substance  and  an 
arbitrary  zero  point  is  chosen  to 
work  from  (i.e..  32°  F  or  \\Yl~- 
absolute).  The  entropy  of  water, 
f  then,  at  492°  =  0.  At  any  other 

absolute  temperature,  T,  the  entropy 
Fig.  18.  of      water,        ^wj  =  logr  r-logp  492  = 

log*  r  — 6.198. 
The  additional  entropy  due  to  the  conversion  of  water  into  steam  is 
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TEMI'KHATt'KK-K.VrKOI'Y    DIA«  JHAMs. 


77 


divided    by   the   corresponding   absolute    temperature, 
following  table  gives  the 

Entropy  per  I,b. 


The 


t 

T 

Water  from 

32°  F.  (</>„.). 

Steam  (<£s). 

Steam  and 

Water  (<f>w  +  <f>J. 

32 
50 

100 
150 
200 
250 
300 
350 
400 

492 
510 

:,<;<) 
010 

0.0000 
\         .0359 
\      .1296 

•>  1  ~>4 

2.2189 
2.1163 

l.X<>49 
1.6547 
1.476 
1.322 
1.188 
1  .  0698 
0  .  9649 

2.2189 
2.1522 
1.9945 
1.8701 
1  .  7709 
1.691 
1  .  6266 
1.574 
1.5314 

660 
710 
TOO 
810  — 
860 

!:«»90 
.4386 
.5042- 
U     .5665 

—  v  —  HI- 

If  1  Ib.  of  water  is  raised  from  32°  F.  to  TJ,  the  heat  units  required  will  be 
represented  by  the  area  O-tA.  The  heat  then  required  to  convert  the 
water  into  steam  will  be  the  area  -\BCA-:i  The  entropy  of  the  water 
will  l>e  OA  as  measured  by  the  scale,  that  of  the  latent  heat  by  AC,  and 
the  entropy  of  the  steam  and  water  by  OC(=OA+AC). 

From  steam-tables  it  is  found  that  1  Ib.  of  dry  saturated  steam  at  334°  F. 
(794°  ab.)  occupies  4  cu.  ft.  If  the  isothermal  at  this  temperature  be 
divided  into  four  equal  parts,  each  part  will  represent  1  cubic  foot.  Also 
(]h  may  be  divided  into  eight  parts,  each  representing  1  cu.  ft.  (1  Ib.  =  8  cu. 
ft.  at  284°  F.).  Other  isothermals  may  be  similarly  divided,  and  if  all 
of  the  points  for  say  1  cu.  ft  are  connected,  the  resulting  curve  will  be 
a  curve  of  constant  volume  (for  1  cu.  ft.). 

If  1  Ib.  of  water  at  334°  F.  be  supplied  with  heat  sufficient  to  evaporate 
one-quarter  of  itself,  the  distance  dK  will  represent  the  portion  of  the  total 


heat  de  required  for  the  whole  Ib.  The  dry  ness  of  the  steam  (i  of  it  being 
evaporated)  will  then  be  0.25,  and  it  may  be  stated  that.  The  dryness 
i-  represented  in  the  entropy  diagram  by  the  fraction  (hor.  dist.  of  point 
from  water  line^-Mhor  dist,  bet.  steam  and  water  lines)  =dK-i-de  in  the 
instauce  under  consideration. 


7S 


H!.\T    AM>    TIIK    STKAM     KNGINE. 


If  the  Me.am  in  *uper!ieat«d  to  rv  U-fore  onirring  the  cylinder,  the  addi- 
'   /  .     i-     ..l.t.-iiru-.l     fr«>rn     the     formula:      Entropy,     C'L  — 

I  n i  ropy  Diagram  from  the  Data  In  an  Indicator 
in.mr.mi..  -Fif.  20  i«  ti"-  m.ltcator  diagram  .»f  an  engine  bavin*  the  follow- 
ing data:  Initial  pressure,  105  Ibs.,  back-pressure,  17  ibs.  (both  absolute); 
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Fig.  21. 


r.p.m.-QO;    cylinder,   14X36; 

of  cvl._-  153.94  sq.  in.;    volume  of  cy 


I.H.P.  =  87.06;    area 


m.e.n.  =  34.56 

I.  —  3.207  cu.  ft.;   volume  of  clearance 


(3.448%)  -0.1  1058   cu.    ft.;     Iks.    steam    used    per   hour  =  2,133.5   (=24.5 
lb».  per  I.H.P.  hr.);    Ibs.  of  entering  steam  j>er  stroke  =  0.197547. 


The  compression  steam  ia  generally  assumed  to  be  dry.  and.  at  point  17 
(where  vol.-0.16587  cu.  ft.  and  pressure  =  60  lb.).  its  weight  will  be=- 
0.16587X0.  14236  (or  the  weight  of  1  cu.  ft.  at  60  lbs.)  =  0.023613  lb.  .'.  Total 
steam  in  cyl.  -0.197547  +  0.023613  =  0.22116  lb.  and  the  vol  of  1  lb. 
of  steam  similar  to  that  in  the  cylinder,  x  =-  actual  vol.  in  cyl.  +  0.221  16. 
The  preflsureM  and  values  of  x  for  the  various  points  of  Fig.  20  may  now 
be  plotted  on  Fig  21.  For  example,  the  pressure  at  point  7  on  the 
indicator  diagram  is  40  Ibs.  (absolute).  The  contents  of  cyl.  at  this 
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point  are  1.7694  cu.  ft.,  which,  divided  by  0.22116,  gives  the  volume  x. 
of  1  lb.,  or  8  cu.  ft.  and  point  7  on  the  entropy  diagram  is  thus 
located  by  the  intersection  of  the  constant- 
volume  curve  8  and  the  horizontal  line  of 
temperature  267°  F.  (727°  abs.),  which  corre- 
sponds to  a  pressure  of  40  Ibs.  absolute. 

Losses.  The  entropy  diagram  just  con- 
sidered may  be  compared  with  that  of  the 
Kankine  cycle  for  an  ideal  engine  where  the 
expansion  is  adiabatic  down  to  back-pressure 
and  where  there  is  no  compression.  This 
latter  diagram  is  the  area  ABCDA,  BC 
being  drawn  at  108  Ibs.  (assuming  a  drop 
of  3  Ibs.  from  the  separator  to  cylinder). 

The  loss  BE4GCB  is  that  due  to  wire- 
drawing during  the  entrance  of  the  steam; 
loss  4G//64  occurs  during  expansion  and  is 
due  to  condensation,  leakage,  etc.;  loss 
JK12J  is  due  to  incomplete  expansion; 
loss  13AEI  16  13  is  due  to  clearance,  com- 
pression, etc.  All  areas  represent  heat-units 
according  to  scale.  The  area  4LMN4 
represents  additional  liquefaction  loss  after 
cut-off,  and  7NKJ7  the  gain  due  to  re- 
evaporation.  Fig.  21  shows  only  the  work- 
ing part  of  diagram,  the  full  diagram  on  a 
smaller  scale  being  shown  by  Fig.  21a. 

Entropy  Diagrams  Applied  to  Inter- 
nal Combustion  Engines.  d>  =  H+-c; 
d<f>  =  dH+T.  dH  =  kvdr  +  (AP  +  J)dV,  and 
(AP  +  J)  =  (kP  —  kv)r-*-V,  or,  combining  these 
equations,  dH+r  =  d<f>  =  (kvdr  +  r)  +  (kp  -  kv)dV 
•*-  V,  which  is  the  general  equation  for  change 
of  entropy.  (.4  =  numerical  constant, 
J  =  Joule's  equivalent  =  778,  P  =  lbs.  pressure 
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Fig.  21a. 


—  £  loge    -,   or,  the  change  in  entropy  whenPF*  = 


per  sq.ft.)  Integrating  between  limits,  ^  —  tf>2  =  kv  log«  (ri-r-ra)  when  the 
volume  is  constant,  and  <f>\  —  fa  =  kp  loge  (ri-5-r2)  when  the  pressure  is  con- 
stant. 

When  P  and  V  vary  according  to  the  law  PFT  =  constant,  considering 
that  PV  =  Rr,  letting  kP-*-kv  =  r>  substituting  in  the  general  equation  and 

reducing,    #1  — 

constant. 

In  adiabatic  expansion  r=ft.  hence  <j>\—  $2  =  0.  r          r 

In  the  theoretical  gas-engine  diagram  (Fig.  22,  I.)  Pb  =  PaVa  -*-Vb  , 
and  fb  =  PbVb-^-(Kp  —  Kv),  where  Fft  =  specific  volume  of  explosive  mixture 
at  6,  Kpand  Kv  =  specific  heats  of  mixture  in  ft.  -Ibs.  (  =k«  and  kv  multiplied 
by  778,  or  the  equivalent  of  1  heat-unit  in  ft.  -Ibs.  In  the  following  calcu- 
lations the  old  value,  —  772,  —  has  been  employed).  If  ra  is  known,  rb=* 
Ta(r)r-i,  where  r=Va-r-Vb  and  r  =  kp  +  kv.  -cc  —  ^Pe-^Pb. 

The  increase  of  entropy  during  the  explosion  is  represented  by  the 
logarithmic  curve  be  (II,  Fig.  22)  and  increase  of  entropy  from  6  to  c  = 
d>e  —  <f>b  =  ki-  loge  (rf-:-r6).  Adiabatic  expansion  is  shown  by  the  vertical 
line  cd,  there  being  no  change  in  the  amount  of  entropy.  -td  =  PdVd  + 
(KP  -  Kv)  and  Pd  =  P.  VJ  H-  Vdf  =  Pc  VbT  +  VS. 

From  d  to  a  (exhaust  at  const,  vol.),  <f>d  —  <f>a  =  kv  loge  (Td-r-ra)  which 
is  negative.  The  exhaust  and  suction  strokes  do  not  enter  into  considera- 
tion, the  temperature  being  assumed  as  constant. 

The  diagram  is  completed  by  drawing  OX  at  the  absolute  zero  of  tem- 
perature, when  the  work  done  per  cycle  =  area  abed;  heat  received  per 
cycle  =  area  ObcX;  thermal  efficiency  =  abed  •*-  ObcX  ,  heat  rejected  into 
exhaust  =  area  OadX. 

Since  (<f>e  —  <f>b)  =  (<f>d  —  <f>a)  and  be  is  governed  by  the  same  law  as  ad,  the 
ratio  of  the  two  temperatures  is  constant  and  dependent  only  on  the  amount 
of  compression,  a  high  ratio  resulting  in  a  correspondingly  increased 
efficiency. 

The  indicator  card  of  a  Crossley  Otto  engine  tested  by  Prof.  Capper 
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producing  the  actual  expansion  curvo  until  it  intersects  the  vertical  ae. 
The  coai  was  (London)  used  had  the  following  percentages  by  weight: 
CII,,  12.79;  <Ml,  and  (VU,  1S.21;  H,  8.69;  CO,  18.33;  N,  7.14;  U>.2 
and  0.  4.X4.  "I  cu.  it.  =0.0329  Ib.  £,-  =  0.5279,  A-P  =  0.6961.  The  prod- 
ucts of  combust  on  or  oxhaust  p-asos  had  the  following  composition  (by 
ucig  ,t  I:  CO.,  10.17;  <),  0.7;  \,  83.18.  /fci>  =  0.1716,  £,,  =  0.2385,  1  cu.  ft.= 
II.. 

The  clearance  (filled  with  exhaust  gases)  held  0.2467X0.082  =  0.02023  Ib. 

12°  and  14.7  Ibs.,  or,  [(0.02023  X4^2  X  14.8) -s- (605  X  14.7)]  =  0.01656  Ib. 

at  605°  and   14.8  Ibs.   prosure  at  the  beginning  of  suction  stroke.      The 

gas  (0.0(i.~>-44   cu.  ft.)  having  a  specific  volume  of    34.87  cu.  ft.  per  Ib.  at 

atmospheric    pressure   and    temperature    weighed   0.001877  Ib.      (Vol.   at 

and      14.8     lb.=0.0<S22     cu.    ft.)       Air     per     explosion  =0.8377  - 

(0.2467  +  0.0822)=  0.5088  cu.  ft.,  which,  at  605°  and  13.8  Ibs.  pressure  at 

a  \\cighed  0.03131  Ib.  (16.25  cu.  ft.  per  Ib.).     Total  weight   of  mixture  = 

().()  l!)7 47  Ib. 

Specific  heats  of  mixture  Kr  =  141.43  ft.-lbs.,  AP=  199.09  ft.-lbs., 
A'p-A'r  =  57.66  ft.-lbs.,  £,,  =  0.25788,  £,-  =  0.1832,  r=  1.4077.  From  these 
values  and  the  previously  given  temperature  equations,  rft  =  840°F. 
(absolute),  ^  =  2,973°,  rrf  =  3,154°,  r«  =  2,048°,  and  r(<  =  580°.  (This  is  25° 
lower  than  the  value  assumed,  605°,  but  the  difference  need  not  be  con- 
sidered.) 

Taking  entropy  at  b  as  zero,  the  entropy  at  c  =  <j>c  —  <£&  =  kv  loge  (r,--f-Tfc)  = 
0.23158.  <f><l-<j>c  =  kploge  (r</ -Mrc)  =  0.25788 Xloge(3, 154  -r-  2,973)  =  0.01524. 

^e-^d  =  ^|^loge(rrf-H7e)  =  0.1832[(1.3707- 1.4077)  ^0.3707]  loge(3,154-H 

2,048)  =0.00709.        <j>a-<f>e  =  kv  loge  (r«-*-r«)  =  -0.23112.        4>b-<f>a  =  kv^^ 

loge(TfcH-ra)=- 0.02369.  Positive  entropy,  6  to  e  =  0.23158  +  0.01524  + 
0.00709  =  0.25472.  Negative  entropy,  e  to  6  =  0.23112  +  0.02369=0.25481. 
The  two  sums  should  exactly  balance,  the  slight  difference  being  due 
to  insufficiently  extended  calculations. 

The  diagram  for  the  ideal  cycle  is  represented  by  abcdea  (IV,  Fig.  22), 
whose  area  =  171.875  B.T.U.  or  the  work  performed  by  1  Ib.  of  the  mix- 
ture. The  work  per  explosion  (i.e.,  of  0.0-49747  lb.)=8.55  B.T.U.  =6,600 
ft.-lbs.  The  actual  cycle  is  now  to  be  considered.  The  curves  be  and  cd 
in  the  entropy  diagram  are  correct,  but  during  expansion  the  actual  curve 
of  pressures  differs  considerably  from  the  ideal  or  dotted  curve,  and  it  is 
therefore  necessary  to  select  several  points  on  the  actual  curve  ar.d  t  alculate 
the  temperature  and  entropy  at  each.  These  values  are  given  in  the  fol- 
lowing table : 

Diagram.       Ji£f.  Per    in  Cu.'Ft.    in  Degs.  F.  x.  Entropy  (^). 


p, 

Lbs.  per 
Sq.  In. 

V, 
in  Cu.  Ft. 

in  Degs. 

F.      x. 

240 
170 
134 
109 

.2617 
.335 
.394 
.453 

3,154 
2,858 
2,650 

2,478 

1  .  3965 
1  .  4668 
1  .  4798 

80.5 
62.5 

.572 
.6897 

2,312 

2,104 

.  0- 

53.8 

.749 

2,023 

38 

.808 

1,541 

24 

.8377 

1,009 

.24682 
.24734 
.24559 
.24374 
.24837 

I         62.5     .6897     2^164      A.OO-U      .25027 
m        53.8     .749      2,023  .24404 

n        38       .808      1,541  .200 

.1217 


At  in.  just  after  release,  j>  =  53.8  Ib. ;  the  pressure  at  /  on  ideal  curve 
(vertically  above  m, — at  same  vol. )  =  56.79  Ib.;  Tm  =  PmVm  +  (Kv  —  A»X 
0.049747  =  (53.8  X  144)  X  0.749  -H  (57.66  X  0.049747)  =  2.023°;  r/=2,135°. 
The  drop  of  entropy  from  2,135°  to  2,023°  =  0. 1832  loge  (2,135-5-2,023)  = 
0.00991,  which  must  be  subtracted  from  the  entropy  at  /. 

The   entropy  at  /  in  excess  of  that  at   d  =  £V^yloge(T<?-r-r/)  =  0.00713, 

consequently  the  entropy  at  m=  entropy  at  d  +  additional  entropy  to  / 
-drop  in  entropy  from  /  to  m  =0.24682  +  0.00713-0.00991  =0.24404. 
Values  for  points  n  .-And  o  are  similarly  obtained,  the  results  being  included 
in  above  table. 
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The  hrat  transformed  int..  w..rk      :irr-:i  nhnljlixi.      This,  however,  does  not 
•lie  total  heat  generated  during  the  explosion.     The  total  avail- 

,    .     r..-.,i   .  :    .•:,.!,  i-xpi.  -i.,i,     :ti;.04   M  I  r.    oi  thai    --f   0.1101x77  Jb.  of 

...    .    ,i     •    •    •     .    tine    it    IM.JIIU    I'.    I    I    .   P.T     II.  To  represent   this   on 

p  ««>  that  the  area  ^frppj  —36.04  +  0.049747  •"• 

I  .  |.i-r  I'.  ..f  mixture.  Tp-r6  +  T,  (r,-the  rise  in  temperature 
from  6  due  to  complete  combuation).  TV  —  724.5  +  kv  -^3,955°  and  rp  — 
3.955+  840  —  4.795°.  N'et  !•  f'.rrncd  into  work  ^--aljcrljlo  —  8.2 

Mil      P.T  cxpl.mion.  or.  22.75%  of  the  total  available  heat.     Heat  given 
.ndcr   wall*   during  roi  •  roke  »ata66i  -0.77   B.T.U       Heat 

—  aiaow//|  —  13.63    B.T.U      The    remainder    (l\ljdr-ppi-* 


•  •xhaust 

13.44  B.T.U.)  is  transmitted  thn.uirh  the  cylinder  walls.  and  the 
heat  pawing  through  waE»-  13.44  +0.77  -14.21  B.T.U  -heat  given  to 
jacket  water  plus  that  radiated  from  the  exterior  surface  of  cylinder 
head  an.  I  piston. 

In  an  ideal  engine  (i.e.,  one  with  a  non-conducting  cylinder,  complete 

.  exhaust  at  constant   volume,  adiabatic  expansion  and   com- 

preMion)  the  work  per  explosion  -area  rf,jHt,  and   the   maximum   possible 

100  (rb-T.)  +  rb  i-i-r  i-pnt  of  the  total  heat  evolved,  =  100(840  -580)  + 

840-30.95%    of    the    :<.<)!    H.I   T.  -11.  154    B.T.I',    per    exr.ksinn.     The 

net  work  H'tualiy  ..l.tained  -8.2  B.T.U.  =  73.5%  of  the  maximum.     The 

same    general    method    is   employed    for   oil   engines,    temperatures   being 

calculated    from  PV  ••=  Rr,  etc.     In   a   Diesel  engine   where   oil   is  sprayed 

into  the  cylinder  umler  air  pressure  for  5  to  10%  of  the  combustion  stroke, 

*p-0.264  (mean  value)  and  if  T  is  taken  at   1.408.  *i>  =  0.1875. 


STEAM    TURBINES. 

Turbines  are  machines  in  which  a  rotary  motion  is  obtained  by  means 
of  the  gradual  change  of  the  momentum  of  a  fluid. 

In  steam  turbines  the  energy  given  out  by  steam  during  its  expansion 

from  admission  to  exhaust  pressure  is  transformed  into  mechanical  work, 

either  bv  means  of  pressu  e  or  of  the  velocity  of  the  steam  while  expanding. 

The    M    Laval  turbine  is  one  of  pure  impact  and  consists  of  a  wheel 

carrying    a   row   of    radially  attached   vanes  or  buckets.      The   steam  is 

delivered  tothese  vanes  from  stationary  nozzles,  in  which  it  is  fully  expanded 

(th-is   attaining   the    highest    practicable   velocity)   and   after   passing   the 

vanes  is  exhausted  either  into  the  atmosphere  or  into  a  condenser.      The 

no/.zli  s  are  inclii  ed  to  the  plane  of  the  wheel  at  an  angle  of  20°;  the  inlet 

and   o-itlet    armies  of  the  vanes  range  from  32°  to  36°  according  to  the 

size  of  the  turbine.     The  best  i>eripheral  velocity  is  tbout  47%  of  the  steam 

•v.       Iv-onomiral    reasons    restrict  it  to  about   1,400  ft    per  sec.  for 

large  wheels  and  500  fU  per  sec.  for  small  ones.     R. p.m.  of  wheels  range 

!'MX)0  to  30.000,  and  are  reduced  to  0.1  these  values  by  helical  gears. 

In  the  Parsons  turbine  a  drum  with  rows  of  radial  vanes  revolves  in  a 

Between  each   row  of  moving  vanes   there   is  a  ring  of 

!  to  the  ca^e  which  deflects  the  direction  of  the  steam  flow  to  the 

'tating  row  of  vanes.     The  diameters  of  drum  and  casing  increase 

'in  inlet  to  exhaust  end,  the  steam  flowing  through  the  vanes 

•  •  annular  space  between  the  drum  and  case.     The  expansion  is  prac- 

a-liabatic 

t.-au  mu/ticellular  turbine  in  effect  consists  of  a  number  of  wheels 
of  flie  He  Laval  ty]>e  mounted  side  by  side  on  the  same  shaft,  each  wheel 
rotating  in  a  compartment  of  its  own  and  the  exhaust  of  each  wheel  being 
led  through  nozzles  or  oj>enings  in  the  partition  walls  to  the  next  succeed- 
ing wheel.  Step-by-step  expansion  and  moderate  speeds  are  thereby 

In  the  Curtis  turbine  the  nozzles  deliver  steam  at  a  velocity  of  about 

•  :'t    |>er  »ec.  and  this  velocity  is  absorbed  by  a  series  of  moving  vane 

on  a  vertical  shaft   with  alternating  fixed  rings  of  stationary  guide 
similar   to    Parsons'   arrangement. 

When  the  initial  velocity  has  l>een  absorbed  the  steam  is  again  expanded 
through  another  set  of  nozzles  to  a  further  series  of  wheels,  and  so  on. 
By  this  <-.,mt,Munding  the  peripheral  speed  is  kept  down  around  400  ft. 
per  sec.  In  the  following  table  the  pressures  are  gauge  pressures. 
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Available  Energy  in    1    Ib.   of  steam  measured   in   B.T.\J.  =  E  =  Hi  — 

//2  +  T2(<J>2-^i)-(£i/Ti)(l  -Ti)(Ti-T2),  in  which  H  =  total  heat  of  steam 
in  B.T.I  ;  «fr  =  entropy  per  Ib.  (  =  $»  +  <<>„, — see  new  steam  table,  ante); 
T  =  ahsolute  Temperature  in  degs.  F.;  L  =  latcnt  heat;  TI  =  degree  of  satura- 
tion of  steam  (for  initially  dry  saturated  steam,  £i  =  l  and  the  fourth  term 
of  the  second  member  of  equation  vanishes);  the  subscripts  i  and  2  denote 
initial  and  final  conditions.  Available  energy  expressed  in  ft.-lbs.,  or  EI=* 
77SE;  also  v2/2g  =  778E,  whence  theroetical  ve  ocity  of  steam  flow  in  ft. 
per  fee.  =  v  =  223.7i/fi".  For  adiabat/c  expansion  from  165  Ibs.  abs.  to 
15  Ibs.  abs..  Ti  =  8256c  F.;  T2=672.5°  F.;  Hi=  1.194.7;  #2=  1,150.4;  <M  = 
1.5615;  #2=1.7549;  Li  =  856.8,  and  ari  =  0.95,  the  steam  being  assumed 
to  contain  5%  of  moisture.  Substituting  these  values  in  the  formula,  it 
is  found  that  E=  166.4  B.T.U.,  whence  v  =  2,886  ft.  per  sec. 

Nozzles. — Area  of  smallest  section  of  nozzle  (at  throat)  in  sq.  ins  =01  = 
eOFi/zi/pi0-97.  in  which  F=steam  flow  in  Ibs.  per  sec.  and  pi  =  initial 
absolute  steam  pressure  in  Ibs.  per  sq.  in.;  xi  =  degreee  of  saturation. 
This  formula  holds  when  P2<0.58pi.  According  to  J.  A.  Moyer  ("The 
Steam  Turbine,"  John  Wiley  &  Sons.  New  York)  area  of  section  at  mouth 
of  nozzle  =»  02= ai[0.172(pi/p2)  +0.7].  The  inner  walls  of  nozzles  are  usually 
conical  surfaces,  and  length  between  throat  and  mouth  in  in?.  =  \/15ai. 
For  superheated  steam  take  ai  =  60F/pi°-97(l +0.000650,  in  which  /  =  No. 
of  degs.  F.  of  superheat. 

Blades.— Impulse  Turbines  (De  Laval,  Curtis,  Rateau  and  Zoelly).— 
Axiai  width  from  1  in.  to  1.5  in.  (for  100  to  1,000  H  P.);  circumferential 
pitch  =  axial  width  XO. 5  to  0.6.  For  a  single  row  of  blades  the  center 
fine  of  nozzle  is  inclined  to  plane  of  wheel  at  about  20°.  Entrance  and 
exit  angles  of  blades  should  each  be  about  40°.  Initial  steam  velocities  in 
ft.  per  sec.:  De  Laval,  2,500  to  4,500;  Curtis.  1,500  to  3,000;  Rateau, 
500  to  1,500;  Parsons  (reaction  type),  150  to  600. 

Reaction  (or  Pressure)  Turbines, — -the  Parsons  type — are  usually  made 
with  three  expansion  sections;  diam.  of  low-pressure  section  =  diam.  of 
intermediate  section  X\/  2  =diam.  of  high-pressure  section  X2.  Diam.  of 
l.-p.  section  should  be  such  that  peripheral  speed  of  blades  on  the  rotor 
does  not  exceed  300  ft.  per  sec.  Usuallv  the  l.-p.  section  performs  one-half 
of  the  work,  the  remainder  being  divided  equally  between  the  other  two 
sections.  According  to  Moyer,  the  number  of  rows  of  blades  in  turbines 
for  driving  electric  generators  =  N  =  K/ v2,  in  which  K  =  2,200,000  to 
2,600,000  and  r  =  mean  peripheral  speed  of  blades  in  ft.  per  sec.  in  any 
section.  For  the  h. -p.  section,  v=100  to  140  ft.  per  sec.  No.  of  rows  of 
blades  in  each  section  of  turbine  =  ./V  (obtained  from  formula)  Xpercentage 
of  total  work  done  in  that  section.  Entrance  angle  to  blade,  60  to  67°; 
exit  angle,  20  to  35°. 

Steam  Consumption  per  B.H.P.-Hour. — The  most  economical  steam 
pressure  to  use  in  power  house  work,  all  things  considered,  is  about  150  Ibs. 
gage  at  throttle  valve.  Using  saturated  steam  and  a  vacuum  of  28  ins. 
the  following  steam  consumptions  may  be  obtained: 

Lbs.  per  Lbs.  per 

B.H.P.-hr.  K.W.-hr. 

5.000  H.P.  and  larger 12  16.5 

500-2,000  H.P 13-13.5  18-18.8 

300  H.P.  (De  Laval) 15.3  

30   H.P.    (De    Laval,    at   100   Ibs. 

non-condensing) 40  

Vacuum  and  Superheat. — The  best  vacuum  to  employ  is  28  ins.,  the 
increased  cost  of  higher  vacuums  being  greater  than  the  savings  they  accom- 
plish. The  gain  in  economy  for  each  inch  of  vacuum  above  24  ins.  is  ap- 
proximately 5%  for  28  ins.,  4%  for  27  ins.,  3.7%  for  26  ins.,  and  3.2  for 
25  ins.  The  saving  due  to  the  use  of  superheat  is  about  10%  per  100* 
between  0°  and  100°  F.  of  superheat;  8%  per  100°  between  100°  and  150°° 
and  6%  between  1.50°  and  250°. 

Friction  Loss  of  Turbine  Wheel  In  Steam  (Moyer). — Loss  in  H.P.= 
pw(0.08D  +  0.3ll-5)(v/10Q)2-s,  in  which  w  =  density  of  dry  saturated  steam 
in  Ibs.  per  cu.  ft.;  Z>  =  diam.  of  wheel  or  disk  in  ft.;  1  =  length  of  blades  in 
ins.;  v=peripheral  speed  of  disk  in  ft.  per  sec.  For  friction  in  superheated 
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Weight  of  Train  in  tons,  for  average  freig'ut  work  (including  engine 
and  Tender)  IT  tractive  power-!- [6 -f  20 X  (grade  in.  j>er  cent)].  The  weight 
of  freight  earned  may  be  taken  as  (IT  — wt.  of  loco.)-^-2.  H.  P.  =  Tractive 
power  •  I"  -T-:-i7">. 

(irate  Area  in  sq.  ft.  =d28-*-C  (d  and  s  in  in.).      For  express  locomotives, 

simple.  C      197  to  2XX  (average  practice  =  240) ;    compound,  C=  118.     For 

freight  locomotives,  .Dimple,  C'=250  to  290  (=500  for  very  heavy  locos.); 

compound.    ('-  i:>2   to    197    (  =  177  for  good   practice).     (For  compound 

'  ^diam.   of  h.  p.   cyl.) 

Heating  Surface  -(Jrate  areaXC*.  For  passenger  locomotives,  C  = 
47  to  75  (  =  70  for  good  practice).  For  freight  locos.,  C  =  65  to  100  (best 
practice  on  heavy  focos.,  C  =  78  to  90).  

Diameters  of  Cylinders.  d  =  0.542 ^diw  +  ps,  where  w  =  weight  on 
drivers  in  Ibs.  For  the  diarn.  of  h.  p.  cyl.  in  a  compound  engine  replace 
0.542  in  formula  by  0.4  to  0.4G.  Diam.  of  1.  p.  cyl.  =  (1.56  to  1.72)X 
diarn.  h.  p.  cyl. 

Areas  of  Steam-Ports.     For  simple  locos.,  A  -7.5%  of  cyl.  area. 

heavy,  modern  freight  lo.-os.,  ^4  =  10%  of  area  of  h.  p.  cyl.  and  4.5 
to  6.5%  of  1.  p.  cyl.  area. 

Areas  of  Exhaust-Ports,  simple,  about  2.5Xarea  of  steam-port. 

Piston-Valves.      Diam.    of    valve  =0.4 Xcyl.   diam. 

Coal  Consumption.  From  120  to  200  Ibs.  j>er  hour  per  sq.  ft.  of  grate 
area. 

Under  favorable  conditions  one  I.H.P.  requires  the  combustion  of  4 
to  5  Ihs.  of  coal  per  hour. 

Balancing;  To  avoid  oscillations  the  forces  and  couples  in  a  horizontal 
plane  due  to  the  inertia  of  the  reciprocating  parts  must  be  eliminated 
as  far  as  po-sihlf. 

Let  Ir*** contained  weight  of  crank-pin,  connecting-rod,  cross-head, 
piston-rod  and  piston -hone-half  the  weight  of  one  crank-arm.  (In  the 

case  of  an  inside  cyl.  take  the  weight  of  one  web  in  place  of —       -1  ; 

r=radius  of  crank;  #  =  radius  <>f  c.  of  g.  of  balance-weight;  a  =  distance 
between  centers  of  wheels  (i.e.,  c.  to  c.  of  rails);  J>  =  distance  between 
centers_of  cyls.  Then,  the  weight  of  each  balance-weight,  Wi>  = 

—77!     — — ,  and  tan  0=  •_—,,  where  0~ angle  between   radius  to   c.  of  g. 

of  balance-weight  from  wheel  center,  and  the  center  line  of  the  near  crank 
produced.  For  inside  cyls.  both  balance-weights  fall  within  the  quadrant 
bounded  by  the  produced  center  lines  of  the  cranks.  For  outside  cyls. 
tan  6  is  negative  and  the  balance-weights  are  outside  of  the  said  quadrant. 

In  the  U.  S.  the  balance-weights  are  equally  divided  between  the  wheels 
coupled  together:  in  England  they  are  concentrated  on  the  drivers.  The 
I"  S.  method  reduces  the  hammer-blow  on  the  rails,  and  to  still  furthei 
lessen  this,  some  builders  balance  only  75%  of .  the  reciprocating  weight. 

Another  rule  is  as  follows:  (  hi  the  main  drivers  place  a  weight  equal 
to  one-half  the  weight  of  the  back  end  of  the  connecting-rod  plus  one- 
half  the  weight  of  the  front  end  of  connecting-rod,  piston,  piston-rod, 
and  cross-head.  On  the  coupled  wheels  place  a  weight  equal  to  one-half 
the  weight  of  the  parallel-rod  plus  one-half  the  weights  of  the  front  end 
of  the  main-rod,  piston,  piston-rod,  and  cross-head-  Balance- weights 
to  be  opposite  the  crank-pins  and  their  centers  of  gravity  must  be  at  the 
same  di.-raiices  from  the  axles  a>  the  crank-pins. 

Friction  of  Locomotives.  An  S-wheel  Schenectady  passenger  loco- 
motive tested  by  Prof.  W.  F.  M.  doss  gave  the  following  results.  (Cyl. 
17X24,  drivers,  03  in.,  wt.,  85,000  Ibs.) 

Cut-off  at  i  stroke,  friction  at   15  mi.  per  hr.  =  12%     of  total  power. 
11      •«!       «.  ..        ..   55  ..      ..     .«  =  i5>%"       "         •' 
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STEAM-BOILERS. 

Horse-Power.  The  capacity  of  a  boiler  is  fully  expressed  by  stating 
the  quantity  of  water  it  is  capable  of  evaporating  in  a  given  time  under 
given  conditions,  and  the  H.P.  of  the  steam  so  generated  depends  entirely 
on  the  economy  of  the  engine  in  which  it  is  used.  There  is,  however, 
a  commercial  demand  for  rating  boilers  in  terms  of  H.P.  and  the  A.S.M.E. 
committee  has  recommended  the  following:  The  unit  of  commercial  H.P. 
developed  by  a  boiler  shall  be  34.5  Ibs.  of  water  evaporated  per  hour  from 
a  feed-water  temperature  of  212°  F.  into  dry  steam  of  the  same  tempera- 
ture, hich  is  equivalent  to  33,317  B.T.U.  per  hour  and  also  practically 
equivalent  to  an  evaporation  of  30  Ibs.  of  water  from  100°  F.  into  steam 
at  70  Ibs.  gauge  pressure. 

Heating  Surface  is  all  that  surface  which  is  surrounded  on  one 
side  by  water  to  be  heated  and  on  the  other  by  flame  or  heated  gases. 
Heating  surface  in  sq.  ft.,  A=cQ-*-H,  where  Q  =  quantity  of  water  evap- 
orated per  hour,  H  =  total  heat  of  the  steam  at  boiler  pressure,  and  c  for 
locomotive  boilers  =  90,  for  Scotch  marine  boilers  =  180,  for  Cornish  =  220, 
for  plain  cylinder  =  280,  for  return-tubular  and  water-tube  boilers  =  400. 

Relative  Values  of  Heating  Surfaces  per  sq.  ft.  compared  with  flat 
plates  Flat  plate  above  fire,  1;  cylindrical  surface  above  and  concave 
to  fire,  0.95;  same,  but  convex,  0.9;  flat  surface  at  right  angles  to  the 
current  of  hot  gases,  0.8;  water-tube  surface,  same  as  last,  0.7;  sloping 
surface  at  side  of  and  inclined  to  the  fire,  0.65;  vertical  surface  at  side 
of  fire,  0.5;  locomotive  boiler  tubes, — not  more  than  3  ft.  from  fire-box 
tube  plate,  0.3.  Horizontal  surfaces  underneath  the  fire  and  the  lower 
half  of  internally  heated  tubes  are  not  considered  as  effective. 

Ratio  of  Heating  Surface  to  Grate  Surface.  Plain  cylinder,  10 
to  15;  Scotch  marine  and  Cornish,  25  to  40;  Lancashire,  26  to  33;  hori- 
zontal return-tubular,  30  to  50;  water-tube,  35  to  65;  locomotive,  60 
to  90. 

Areas  of  Tubes  and  Gas  Passages.  Area  near  bridge  wall  =  \  grate 
area.  Tube  area  (total)  =  0.1  to  O.llXgrate  surface  for  anthracite  and 
0.14  to  0.17Xgrate  area  for  bituminous  coal,  both  at  moderate  rates  of 
combustion  (Barrus). 

Holding  Power  of  Tubes.  Expanded  only,  5,000  to  6,000  Ibs.; 
expanded  and  flared,  19,000  to  20,000  Ibs. 

Boiler  Efficiencies.  For  the  purpose  of  comparison  it  is  customary 
to  express  the  evaporation  in  Ibs.  of  dry  steam  per  Ib.  of  pure  combustible, 
and  in  order  to  eliminate  the  effects  of  variation  in  the  temperature  of 
the  feed-water,  the  results  are  reduced  to  what  is  termed  "the  equivalent 
evaporation"  from  and  at  212°  F.  (See  page  59.)  The  complete  combustion 

of  1  Ib.  of  pure  carbon  will  evaporate       '        =15.3  Ibs.  of  water  from 

and  at  212°.  192  American  boiler  tests  summarized  by  H.  H.  Suplee 
give  10.86  Ibs.  per  Ib.  of  fuel,  which  may  be  considered  as  good  practice, 
ordinary  averages  being  from  6  to  8  Ibs.  per  Ib.  of  fuel.  12.5  Ibs.  evaporation 
is  generally  the  best  obtainable  from  high-grade  fuels  like  Pocahontas 
and  Cumberland  coals.  One  test,  however,  is  recorded  showing  an  evapora- 
tion of  13.23  Ibs.  per  Ib.  of  Cumberland  coal 

Performance  of  Boilers  (D.  K.  Clark).  w  =  Ar2  +  Bc,  where  w  =  \ba. 
water  evaporated  from  and  at  212°  F.  per  sq.  ft.  of  grate  per  hour,  r  =  ratio 
of  heating  to  grate  surface,  and  c  =  lbs.  fuel  per  sq.  ft.  of  grate  per  hour. 
A  and  B  are  respectively  as  follows:  Stationary  boilers,  0.0222  and  9.56; 
marine,  0.016  and  10.25;  portable,  0.008  and  8.6;  locomotive,  0.009  and 
9.7 

Materials  and  Tests.  (From  Am.  Boiler  Mfrs.  Assn.  Uniform  Speci- 
fications.) 

Cast  Iron.  Should  be  soft,  gray,  and  highly  ductile;  used  only  for 
hand-hole  plates,  man-heads,  and  yokes. 

Steel.     Homogeneous  open-hearth  or  crucible. 

Shell  Plates  not  exposed  to  direct  heat.  Tensile  Strength  (T.S.) 
65,000  to  70,000  Ibs.  per  sq.  in. ;  elongation  >  24%  in  8  in.  Phosphorus  (P) 
and  Sulphur  (S)<0.035%. 

Shell  Plates  exposed  to  direct  heat.  T.S.  =  60,000  to  65,000  Ibs., 
elongation > 27%  in  8  in.,  P<0.03%  and  S<0.025%. 
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Muu'liMicd.         I   |>    to    ().."i    in.    thn-k  must, 

ihle  .-ind   IN  cred  down  flat    upon  il^elf.      Above 

ijd  Itcndinr  ir.diel  of  diarn.       1  ..">/.       fiend 

ing  test  piece-  mu-t  not  be  ii  .ii  length,  edges  must  be  machined 

'.,•  <-ut    both  li-n^'t  •         . 

Ki\     •  i.arcoal  ir<.n  nr  i.f  soit    mild  steel   havmi: 

prop,  ed  hoi  and  <  "Id  by  driving 

doun  ..n   :in  anvil  with   the  head   in  a  die.   by  nicking  and    tending  and   In- 
tending back  on   themselves  ''"Id,  all    without    developing  cracks  or  flaw-. 

Tul"  '   charco;il   iron  or  mile  for  thi-   purpo-e,  lap 

w.-ldrd    or    drawn.      Tube-    mii-t     U-    round,    straight,    free    from    bi 
scales,  anil  other  defects  and  toted  under  an  internal  hydrostatic  p;. 

•  '  Ibv   |x-r  sc|.   in.     Standard   thicknesses  (B.\\  i .''.  for    1    t.i 

1J   in  1-'  f.,r  L»  to  L>*   in..   No.    11    f,,,    _'i   to  :^   m.,   No.,   10  for  .'•!} 

and    I  in..    No.  !)  for    1*  and  .">  in. 

Tube  Tc-tN.       \   -e.-tion  cut   from  one  tu!>e  self-ted  at   random  from  a 
lot   of   l.'iO  or  lo>  mu-t  stand  hatnmeiinn  down   vertically  when  cold  with- 
out  crackinK  or  splitting.      Tuhes  mu>t   al.-o  .-taml  expanding    flange 
on   tul>e   pi  . 

Kortuln-s  .Itol}    2  to  2*   2fto3i    3i  to  4   4^  to  5  in.  in  diam. 

Length  of  testpieee=       J  1  H  1}  in. 

Stay   Holts  of  iron   or  mild  steel  must    show  on  an  8  in.  test   pi' 
follows.   Iron.  T.S. > 46,000  Ibs., elastic  limit    •  26,000 Ibe., elongation > 22% 
for  sections  under   1   sq.  in.  and>20%  for  larger  -ections. 

-teel  these  values  are  resr>ectiveJy  >55,000  lb*.,  >33,0001bs.,  >25%, 
and  >22%. 

Is.  A  bar  taken  at  random  from  a  lot  of  1 ,000  Ibs.  or  less  and  thr. 
with  a  sharp  die  to  a  V  threat!  with  rounded  edges  must  bend  cold  180° 
around  a  bar  of  some  diam.  without  developing  ciuck.-  or  flaws.  Another 
bar,  screwed  into  a  well-fitting  nut  of  the  material  to  be  stayed  and  riveted 
over,  mu>t  be  pulled  in  a  testing  machine.  If  it  fails  by  pulling  apart 
its  -trength  is  measured  by  the  T.S.  If  failure  is  due  to  shearing,  the 
measure  of  strength  is  the  shear  stress  per  sc|.  in.  of  mean  section  in  shear. 

(Mean  section  = ^ Xcircumf.  at  half  height  of  thread.) 

Braces  and  Stay^  to  be  of  same  material  as  stay  bolts.     T.S.  to  he 
determined  from  a  10  in.  bar  from  each  lot  of  1,000  Ibs.  . 

All  bending  and  hammering  tests  indicated  above  must  develop  no  flaws, 
snlitting.  opening  of  welds,  or  any  other  form   of  diM 

Workmanship  and  Dimensions.  Flanging,  bending,  and  forming 
should  be  done  at  suitable  heats,  no  bending  or  hammering,  hov, 
U-ing  allowed  on  any  plate  which  is  not  red  by  daylight  at  the  point  worked 
upon  and  at  lea.-t  I  in.  beyond  it.  Rolling  to  be  by  gradual  increments 
from  the  flat  plate  to  a  true  cylindrical  surface,  including  the  lap.  The 
thickness  of  burnoed  or.  spherically  dMied  heads  should  equal  that  of  a 
cyliud'i  al  shell  of  solid  plate  whose  diam.  is  equal  to  the  radius  of  curva- 
ture of  the  dished  head,  an  increase  of  t  being  taken  to  allow  for  rivet 
holes,  manholes,  etc. 

Uivet   holes  should  Ixj  perfectly  true  and  fair,  either  drilled  or  cleanly 
punched,  burrs  and  sharp  edges  to  be   removed   by  slight    countersinking 
a/id  burr-reaming  both   before  and  after  sheets  are  joined.     Under 
of  original   rivet   heads  to  be  flat,  square,  and  smooth.      Allow  length   of 
1*  d;am.  for  stuck  for  heads,  for  f  to  ff  in.  rivels,  and  less  for  larger  sizes. 
Allow  5%  more  stock  for  driven  head  for  button  set  or  snap  rivets.      J-'or 
machine-riveting,   total    pressure  on   die      .'<.">  ton?  for  }  in.  river?.   " 
for  it  in.  rivets,  ti.')  tons  for  1  in.,  and  80  tons  for  H  and  Ii  in.  rivets.     Ap- 
proximately, make  <!  of  rivet  hole  =  2*  (of  thinnest  plate',  p"  '  M.  distance 
between  pitch  lii  •  0.5/>",  lap  for  sincle-rivetint: 

r  double-riveting      1. :;:$:>,//'    'add   ().."/-"  for  each  additional  row  of 

'   dimensions  make  resistance  to  shear  of  aggregate  rivet 

section  =«>  1.1  •  T.S.  of  net  metal.     Holes<f  in.  in  steel  may  be  punched, 

above   f.   punch  and  ream,   or   drill.      Drift  pins   to   be   Used    only   to   pull 

plates  into   position, — never  to  enlarge  holes.     Calking  to  be  done  only 
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with  round  imse  tools,  calking  edges  to  be  planed,  sheared,  or  chipped 
to  a  bevel.  Finishing  may  be  done  with  a  square-nose  tool  if  care  is  taken 
to  avoid  nicking  the  lower  plate.  Safe  working  pressure  per  sq.  in.  on 
flat  surfaces:  p  =  CP-s-(p")2,  where  <  =  thickness  of  plate  in  IGths  of  an 
inch,  p"  =  pitch  of  stays  in  in.,  and  C  =  112  for  plates  /«  in.  and  less,  with 
riveted  screw  stays,  120  for  plates >,v  in.  with  riveted  screw  stays,  and 
140  for  all  plates  where  the  screw  stays  have  in  addition  a  nut  inside  and 
outside  the  plate.  This  latter  is  imperative  when  the  feed-water  contains 
salt ,  acids,  or  alkali. 

Tube  holes  should  be  punched  i  in.  less  than  tube  diam.  and  reamed 
or  drilled,  holes  being  slightly  countersunk  on  both  sides.  Finished  holes 
to  be  from  5"*  to  iV  in.  larger  than  tube,  according  to  size.  If  copper  ferules 
are  used,  the  ferules  should  be  a  neat  fit  in  the  holes.  The  tube  sheet 
should  be  annealed  after  punching  and  before  drilling,  and  the  tube  ends 
before  setting.  Tubes  to  project  iV  in.  beyond  sheet  for  each  inch  cf 
diam.  Tubes  to  be  expanded  only  until  tight.  Ends  which  are  exposed 
to  direct  flame  must  be  flanged,  beaded  over  and  slightly  re-expanded 
Copper  ferules  (No.  18  to  No.  14  wire  gauge)  to  be  used  in  fire-tube  boilers 
on  ends  exposed  to  direct  heat.  Stay  bolts  to  be  carefully  threaded  and 
holes  tapped  with  a  tap  extending  through  both  plates.  Bolts  to  project 
$  diam.  for  riveting  over.  Tnickness  of  nuts  for  screw  stays  > 0.5  diam. 
of  stay.  Pitch  of  stays <  JO  in.  If  welding  is  necessary  in  braces  and 
stays  take  strength  of  welded  bar  =  0.8  X strength  of  solid  bar.  Brace 
rivets  subject  to  oblique  pull  are  allowed  to  bear  only  one-half  the  stress 
of  seam  rivets.  Manholes  to  be  flanged  inwards  on  a  radius > 3*  and 
are  to  be  reinforced  by  W.I.  or  steel  rings,  which  are  shrunk  on.  Domes 
when  unavoidable  to  be  flanged  down  to  shell,  and  the  shell  to  be  flanged 
up  inside  the  dome  or  else  reinforced  by  a  collar  flanged  at  the  joint,  flanges 
being  double-riveted.  Drums  to  be  put  on  with  steel  collar  flanges  >|  in. 
thick,  double-riveted  to  shell  and  drum  and  single-riveted  to  neck  or  leg, 
or,  the  flanges  may  be  formed  on  the  legs. 

Safety  factors  rivet  seams,  4.5;  flat  surfaces,  bumped  heads,  stay- 
bolts,  braces  and  stays,  5.  Hydrostatic  test  pressure  should  not  exceed 
the  working  steam  pressure  by  more  than  ^  of  itself,  and  this  excess  should 
not  be  greater  than  100  Ibs.  per  sq.  in.  The  temperature  of  testing  water 
should  not  be  less  than  125°  F. 

Board  of  Trade  (B.  T.)  and  U.  S.  Statute  Proportions  and  Rules. 
Materials.  Shells ;  (B.T.)  T.S.  from  27  to  32  tons,  elongation  in  10  in.  >  18% 
(if  annealed,  >20%);  2  in.  strips  to  stand  bending  until  sides  are  parallel 
and  not  >3t  apart.  (U.S.)  When  *  =  or<0.5  in.,  contraction  must  be  = 
or>50%,  from  0.5  to  0.75  in.,>45%  and  above  0.75  in.,>40%. 

Stays  (B.T.).  Same  T.S.  as  shells,  elongation  in  10  in.>20%.  Steel 
stays  welded  or  worked  in  fire  not  to  be  used.  Allowable  load  =  9,000  Ibs. 
per  sq.  in.  on  net  section.  (U.S.)  Reduction  of  area  must  be>40%  if 
test  bar  is  >  0.75  in.  in  diam.  Allowable  load  =  6,000  Ibs.  per  sq.  in. 

Notation  for  the  following  Boiler  Proportions  D  =  boiler  diam.,  t  = 
thickness,  ti=  thickness  in  16ths,  p  =  greatest  pitch  between  stays,  L  = 
pitch  of  flanges,  d  =  outside  diam.  of  tubes,  W  =  width  of  flame  box,  /!  = 
length  of  girders,  pj  =  pitch  of  bolts,  Z)2  =  distance  between  centers  of 
girders,  rfj=depth  of  girders,  t2  =  sum  of  girder  thicknesses,  D3  =  least 
horizontal  distance  between  centers  of  tubes,  rf2  =  inside.  tube  diam  ,  W\  = 
width  of  combustion  box  from  tube-plate  to  back  of  fire-box;  all  in 
inches.  P  and  T  are  working  pressure  and  tensile  strength  in  Ibs.  per 
sq.  in.,  S  =  surface  supported  in  sq.  in.,  Z)i=  outside  flue  diam.  in  ft.,  /  = 
length  of  furnace  (up  to  10  ft.)  in  feet,  F  =  safety  factor,  =  4.5,  .8  =  per- 
centage of  strength  of  joint  compared  to  solid  plate. 

Boiler  Shells  (B.T.).  P  =  2BTt  +  DF.  (U.S.)  P  =  7V-i-3D  for  single- 
riveting.  Add  20%  for  double-riveting. 

Flat  Plates  (B.T.).     P  =  C(/i  +  l)2H-(S-6). 

C  =  125  for  plates  not  exposed  to  heat  or  flame,  stays  fitted  with  nuts 
and  washers,  the  latter  at  least  3Xdiam.  of  stay  and  having  a  thick- 
ness =  $t  of  plate. 
=  187.5,  same,  but  with  diam.  of  washers  =  f  pitch  of  stays,  and  of 

thickness  not  less  than  that  of  the  plate. 
=  200,  same,   but   with   doubling   plates   in   place   of   washers,    whose 

width  =  $X pitch  of  stays,  and  thickness=that  of  plate. 
=  112.5,  same,  but  stays  fitted  with  nuts  only. 
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C-  7  '-ontact  with 

Tlu-  .hove. 

—  87..V  t'.iion.    hut    -t.-iv*   fitted    with   nuts   only. 

-100  for  platen  exposed  to  heat  ..r  flame,  water  being  in  contact  with 

•  ••Aril    int<>   plan-    ami    fitted    with   nuts. 
••00.    -anir    condition.    hilt     -ta\-     with    rivrtr.l     hr:nls. 

Bel  plates;    fur  iron    plates    take  80%   of  same.) 
(U.8.)  P-C'/, 

C  —  11-    i  in.    an<l    ini'lcr.  with    screw   stay    bolts    and    nuts, 

with    plain    holt    lined    with   single    nut    and   socket,   or   with    . 

••120  for  plate-  thirkrr  than   t't  in.  for  same  fastenings. 
-140    for    f  -     fitted    with    inside    and    outside    nuts. 

-200,  same  M  for  (7=140.  hut  with  the  addition  of  wanner  riveted 
to  platr.  »vho-r  thickness  is  at  Lant  O.o/  of  plate  and  whose  diam. 
-0.4  '  pitch  of  • 

N  I'.  Plates  fitted  with  double  angle-irons  and  rivrtrd  to  plate  with 
leaf  at  lea-t  it  of  platr  and  depth  at  least  i  .-pitch  are  to  be  allowed  the 
.-amr  pre--.urc  as  that  determined  for  plate  with  wa.-hcr  riveted  on. 

'••rare   or   «tay  bolt    in   a  marine   hoiler  to  have  a  pitch  greater  than 
10..")  in.  on  fire-boxes  and  back  connection-. 


0  for  plain  furnaces;    =14,000    or  Fox  (max.  and  min.  t  =  t  and       in. 
plain   part  <  6   in.   long);     =13,500   for  Morison,  same   conditi'  •• 
=  14,000  for  Purves-Brown  (max.  and  min.  t  =  $  and  T$  in.,  plain 


I'latex  for  Flanging  (B.T.).     p  =  ^  ~       jp   •     This  formula  is 

for  tlir  strength  of  furnaces  stiffened  with  flanged  seams  where  L<  120*—  12, 
the  f  la  nii.  •*  being  properly  designed  and  formed  at  one  heat. 

Furnace  I'lurs,  Long  furnaces  (H.T.).  P  =  Cl2  +  (l  +  l)Dl,  where 
/Xll.Sl-1).  C  =  88,000  for  single  stiap  butt-joints  single-riveted, 
-99.00:)  for  welded  joints  or  butts  with  single  straps  double-riveted, 
and  also  for  double  -trap  butt  joints  single-riveted. 

P  from  above  formula  should  not  exceed  the  value  given  by  the  following 
formula  for  short  and  patent  furna'-rs. 

Short  Furnaces,  Plain  and  Patent  (B.T.).  P  =  ct-^D\,  where  c  = 
8,800  for  plain  furnaces;  =14,000  for  Fox  (max.  and  min.  t  =  t  and  A  in. 
and 

part  <  9  in.   IOIIK). 

l.oim    liirnarrs    fU.8.).      P-W.OOO^+ZDi    (I    not    to    exceed    8    ft.). 

Short    rurn;ii>-      !     -  /'     rt  +  l>i,   where   c=14,00()   for    Fox    (Z),  = 

mean  diam.);     =14,000  for  Purves  Brown  (D,=flue  diam.);     =5,677  for 

plain  flues    •  !»'>  in.  diam.  and    -^10  in.  diam.  when  not  over  3-foot  lengths. 

).      P-Cdi*t.  +  (W-pi)DA}     where     C  =  6,600     for 

1   h.,lt.       9.100  for  2  or  3  bolt>  and"       11,220  for'  4  bolts. 

Tube  Plates  di.T.).      P  =  20,000/(D3-rfo)-  H',/):;.       Crushing  stn 
tube  plates  caused  by  pressure  on  top  of  flame-box  to  be   <  10,00()  1K-. 
in. 

Air  l'a--;iirrx  through  grate  bars  should  be  from  30  to  50%  of  grate 
area.  the  larger  the  better,  in  order  to  avoid  stoppage  of  air  supply  by 
clinker,  but  with  clinkerless  coal  much  smaller  areas  may  be  used. 

COMBUSTION. 

•n  or  burning  is  rapid  chemical  combination  accompanied 
by  hr.it  and  -Mtnetimes  light,  during  which  heat  is  evolved  equal  to  that 
rr'juirrd  to  separate  the  elements. 

In  the  burning  of  a  simple  hydrocarbon  (e.g.,  marsh  gas),  the  combus- 
tion bring  complete, 

li  Gas  +  Oxygen  =  Carbon  Dioxide  +  Water  (Steam); 
(  H4       +      2O2     =  CO2  +          2H2O 

or.  taking  the  atomic  weights  of  C,  H,  and  O  as  12,  1,  and  16,  respectively, 

(12  -I-  4)  +  2(16X2)      =     [12  +  (  16X2)]  +  2(2  4-  10), 
i.e.,  16  Ib.     +    64  Ib.        =  44  Ib.          +  36  Ib. 

or        lib.      +       41b.    yields          2.7.'.  Ib.     +     2.25  Ib. 
I   Ib.  ('  burnt  to  Co,  yield*  14,600  B.T.U.  and  1  Ib.  H  burnt  to  H,O 
yields  r,2.uo()   M  .-    1    Ib.  CH4      i  Ib.  C  +  *  Ib.  H,  then 

Ib.  C  +  o  yields  14.600  X  0.75  =  10,9.50  B.T.U. 
0.25"  H  +  O       "      62,000X0.25  =  15,500      " 


Total  =  26,450 
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Experimentally,  about  2,800  B.T.U.  less  are  obtained,  the  loss  being 
required  to  effect  the  work  of  decomposing  the  C  and  F. 

Good,  dry  bituminous  coal  contains  on  the  average,  I  y  weight  Carbon, 
83.5%:  Hydrogen,  4.6%;  Oxygen,  3.15%;  Nitrogen  and  Sulphur  (inactive 
elements),  8.75%. 

In  100  Ibs.  of  fuel  the  3.15  Ib.  O  is  already  united  to  (iX3.15)  0.4  Ib.  H 
in  the  form  of  water,  consequently  this  H  does  not  assist  in  combustion. 
This  leaves  83.5  Ib.  C  and  4.2  Ib.  H  to  be  dealt  with. 

Now,  12  Ib.  C  unite  with  32  Ib.  O  to  form  CO-,  (1 .2.66)  and  2  Ib.  H  unite 
with  16  Ib.  O  (1:8)  to  form  H2O.  Consequently 

83.5  Ib.  C  require  83.5  X  2.66  =  222     Ib.  O 
4.2  "    H  4.2X8       =   33.6  "    " 

Or,  for  100  Ib.  coal,  total  =  255.6  "    " 

Air  =  23%    O  +  77%    N;  therefore    21  100:: 255.6-*- 100  11.1,  or  11.1    Ib. 
of  air  are  theoretically  needed  for  the  combustion  of  1  Ib.  of  the  coal.     (In 
practice  the  theoretical  amount  must  be  multiplied  by  1.5  for  gas  furnaces, 
by  1.5  to  2  for  good  grates, and  by  3  or  more  for  defective  furnaces.)    Also, 
0.835  Ib.  C  X  14,600  =  12.191  B.T.U. 
0.042  "  HX  62,000=   2,604       " 

Total  B.T.U.  per  1   Ib.  coal  =  14,795 

The  Calorific  Value  of  a  Given  Fuel  may  be  expressed  by  the  follow- 
ing modification  of  Dulong's  formula: 

B.T.U.  per  lb.  =  14,600  C+ 62,000  (H-g) +4,000  S,  where  the  pro- 
portions of  C,  H,  O,  and  S  are  determined  by  analysis. 

Where  a  complete  analysis  of  the  coal  is  not  obtainable  the  following 
formula  of  Otto  Gmelin  may  be  used  B.T.U.  per  lb.  =  144[100-(u-  +  a)]- 
10.8  we,  where  w  and  a  are  the  percentages  of  water  and  ash,  and  c  is  a 
constant  varying  with  the  amount  of  water.  When  w<3%,  c  =  4;  when 
?/•  is  between  3  and  4.5%,  c  =  6;  w  bet.  4.5  and  8.5%,  c=12;  w  bet.  8.5 
and  12%,  c=10;  w  bet.  12  and  20%,  c  =  8;  w  bet.  20  and  28%,  c  =  6; 
u->28%,  c  =  4.  Also,  when  C  and  G!  are  the  percentages  of  fixed  and 
volatile  carbon,  respectively,  and  H  the  percentage  of  hydrogen,  B.T.U. 
per  Ib.  =  (14,600  C  +  20,390  C,  +62,000  H)H-  100. 
American  Coals.  Approximate  Analyses  and  Calorific  Values. 


Mois- 
ture. 

Volatile 
Matter. 

Fixed 
Carbon  . 

Ash. 

Sul- 
phur. 

B.T.U. 
per  Lb. 
Coal. 

Anthracites: 

*  E.  middle  field,  Pa  .  . 

4.12 

3.08 

86.38 

5.92 

0.49 

13,578 

*N.      "         "      ".. 

3.42 

4.38 

83.27 

8.20 

.73 

13.434 

W.        "         "      "... 

3.16 

3.72 

81.14 

11.08 

.90 

12,958 

Semi-anthracite  : 

Loyalsock,  Pa  

1.3 

8.10 

83.34 

6.23 

1.03 

14,247 

Semi-bituminous  . 

*  Clearfield,  Pa  

.81 

21.10 

74.08 

3.36 

.42 

14,985 

*  Cumberland,  Md... 

.95 

19.13 

72.70 

6.40 

.78 

14,461 

*  Pocahontas,  Va.  .  .  . 

.85 

18.60 

75.75 

4.80 

.62 

14,854 

*  New  River,  W.  Va.  . 

.76 

18.65 

79.26 

1.11 

.23 

15,429 

Bituminous: 

*  Youghiogheny,  Pa.. 

1.03 

36.49 

59.05 

2.61 

1.81 

14,262 

Connellsville,  Pa  

1.26 

30.10 

59.61 

8.23 

.78 

13,946 

Brazil    Ind 

8  98 

34  49 

50.30 

6.28 

1.39 

12,356 

*  Big  Muddy,  111  

7.7 

31.9 

53 

7.4 

12^895 

Streator.Ill  

8.3 

37.63 

45.93 

8.14 

12.047 

Elosyin,  Wash  

6.34 

37.86 

48.30 

7.59 

'!49 

12,429 

(Cle-Elum.) 

, 

Cokes 

Connellsville,  Pa  

(B.T.U 

pr.  Ib.  = 

88.96 

9.74 

.81 

12,988 

Chattanooga,  Tenn... 

%cx 

14,600) 

80.51 

16.34 

1.595 

11,754 

Birmingham,  Ala.  .  . 

87.29 

10.54 

1.195 

12,744 

Pocahontas,  Va  

92.53 

5.74 

.597 

13,509 

AM   ENGINE. 

irr  irenclally   -elected   for   boiler   te-t  -   Ml    account    ..f   avail- 

nbii:-  ,  i.-ilit  v,  and  adaptability  '"  variou-  kind-  of  famaOMj 

iriil    method-   of    firing. 

li..  ..f  coal   i-  Calculated   l>\   mean-    «.f  GOU 
Ih.    of  coal  /  T.    where   <       percentage   of 

n    in    tin-    coal.     V      !»••  i«-    matt.--    in    the    coal. 

ami    a      :t    \ariable    depending    on    the    ratio     \ \    of    the    volatile    matt 
.  .f  <•.. rnliii-til.il-   in   the  coal. 

V,-K+(V+C)-   0.05  0.1  0.15  OL'o 

.-26,100  23.400  21,060  19.620 

I",  ..-  0.30  0.35  0365  0.40 

...-17,640  I '.,920  16.4M)  1"..(KK)  14,400 

Tin-    formula    i*    fairly   accurate    where    the    j>ercentage   of    fixe.l    carbon 
I;    \\heneverexact    re-ult-  are  required  a  oaloiimetrtC  determina- 
tion of  the  heating  value  of  the   particular  fuel  should   be  made. 

\\  01. il.      1  cord      12*  en.  ft.,  about  7~>  ft.  of  which  are  solid  wood. 
11>~.   of  dry   wood  are  about  equal  to   1   Ib.  of  soft  coal  in   heating  effect. 
Average  wood  (perfectly  dry)  has  a  calorific  value  of  about  8.200  K.T.I'. 
j>er  Ib.;    if  ordinary,  air  dried  (25%  moisture),  about  5,800  B.T.U.  per  Ib. 

Petroleum.       \\er.-ure       composition  =0.847  (.'  +  0.131  H+0.022<» 
gr.-()S7.        H.T.l'.    per     II,  Vaumont,    Tex.,   cru.le    oil,    18,500 

Distillates  from  Petroleum  ((',oH24  to  C^H^)  vary  from  71.41'  TO 
7  ::•;<•.  and  Iron,  28.5S  to  26.23%  H.  ^p.  gr.=0.628  to  0.792. 
Boiling  p..int  varies  from  86°  to  495°  F.  B.T.U.  per  Ib.,  from  27,000  to 
28,000. 

(,;is  Fuels  (B.T.U.  per  1,000  cu.  ft.)  Natural  gas,  1.100,000;  coal-ga-. 
640,000  to  675,000;  water-gas.  290,000  to  327.000;  gasoline-ga- .  517.(N)0; 
produi-i-r  ga-.  anthracite,  137.000;  bituminous,  156,000. 

MUrellaiieoiis  Furls  (B.T.U.  per  Ib.):  Spent  tanbark,  4.280  (30% 
water)  to  6.100  (dry);  straw,  5,400  to  6,500;  bagasse  (sugar-cane  refu-e  >. 
3.750.  when  fibre  =  45%;  corn,  7,800  (ordinary  condition)  to  8,500  (dry). 
Draft.  Chimneys. 

Kent.  Gale-Meier.  Ing.  Taschenbuch- 

Diam.,  ' 

Height., -(4^2  ^f(|)2  0.216(£)2 

Where  F*=  total  coal  burnt  per  hour  in  Ibs.,  /  =  temp.  of  discharge  gases 
in  F.°,  G  sq.  ft.  of  grate  area.  rf  =  internal  diam.  in  feet  (A  in  sq.  ft.,  h 
in  ft.).  The  larger  re-uh-  obtained  from  the  Taschenbuch  formulas  are 
probably  due  to  the  inferior  evaporative  power  of  German  coals. 

Intensity   of    Draft   (/).      /  in  inches  of  water  =  h (^-^-), where 

T2  and  T\  are  resi>eotively  the  absolute  temperatures  of  the  external  air 
and  the  chimney  gases.  /  at  the  base  of  ordinary  chimneys  ranges  from 
0.5  to  0.75  in.  In  locomotives  the  vacuum  induced  by  the  steam-blast 
varies  from  3  to  8  inches  of  water  in  the  smoke-box  and  is  about  i  as  much 
in  the  lire  bo\.  The  best  value  of  Ti  =  2T2,  or  about  585°  F. 

Tcmp'-rature  of  Chimney  Gases.     To  determine  same  approximately. 
i  -trip-  of  the  following  metals  in  the  chimney  and  note  those  which 
melt. 

Metal Sn         Bi         Pb        Zn        Sb 

Melting  point.  F.°.  .    456       518       630       793       810 

>  eloi  it  \    of  Chinitie\    liases. 

,    ,,.  chimney  temp. — air  tenip.1 

3.3  X  chimney  t«mp. 
in  F.°X 

Mr;ift  I'res^ur.-s  required  for  Combustion  of  Fuels  (in  inches 
of  water).  Wood,  U.l!  to  O.L'.V  -audust.  ().:i.r)  to  ().a;do.,  with  small  coal. 
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0.6  to  0.75;  steam  coal,  0.4  to  0.75;  slack,  0.6  to  0.9;  do.,  very  small. 
0.75  to  1.25;  semi-anthracite,  0.9  to  1.25;  anthracite,  1.25  to  1.5;  do., 
slack,  1.3  to  1.8. 

Rate  of  Combustion  (Ibs.  of  fuel  per  hour  per  sq.  ft.  of  grate  area). 
Anthracite.  5  to  15;  bituminous,  4  to  26.-  Ordinary  combustion  may  be 
increased  50%  by  means  of  artificial  draft.  In  locomotives  the  rate 
of  combustion  ranges  from  45.  to  85  and  even  120  Ibs.  Low-grade  or 
refuse  fuels  may  be  utilized  with  artificial  draft,  the  high  rate  of  com- 
bustion compensating  for  the  low  evaporative  power  of  the  fuel. 

M»M  lumioal  Stoking.  In  the  Jones  underfeed  stoker  coal  is  fed 
into  a  hopper  and  pushed  forward  from  the  bottom  thereof  by  a  steam- 
actuated  plunger  into  the  retort  or  fire-box  from  beneath,  air  being  intro- 
duced at  the  top  of  retort.  As  the  fresh  coal  approaches  the  fire  from 
beneath  its  gases  are  liberated  by  the  heat  and  pass  upwards  through  the 
fire  and  are  consumed, — aiding  in  the  production  of  heat, — and  the  coal 
reaches  the  fire  practically  coked,  the  production  of  smoke  being  thus 
avoided.  The  manufacturers  (Underfeed  Stoker  Co.,  Ltd.,  Toronto) 
claim  that  its  use  will  effect  a  saving  of  from  18  to  25%  of  the  fuel  as  com- 
pared with  hand-firing. 

BOELER    ACCESSORY    APPARATUS. 

Feed- Water  Heating  obviates  in  large  measure  the  strains  that  would 
otherwise  be  induced  by  introducing  water  into  the  boiler  at  ordinary 
temperatures,  and  also  affords  considerable  economy. 

Saving  in  per  cent  by  heating  feed-water  with  exhaust  steam  = 

T| — r-1,  where  H  =  total  heat  of   1  Ib.  steam  at  boiler  pressure,  A,  =  total 

H  —  h\ 

heat  of   1  Ib.  water  before  entering  heater,   and  h2  =  same  after  leaving 

heater. 

For  average  conditions  there  is  an  approximate  saving  of  1%  for  each 
increase  of  11°  in  the  temp,  of  feed-water,  which  may  be  heated  as  high 
as  210°  F. 

Green*s  Economizer  is  a  feed-water  heater  composed  of  tubes  so 
situated  in  the  flues  between  boiler  and  chimney  as  to  intercept  some  of 
the  heat  of  the  waste  gases.  As  the  temperature  of  steam  from  100  to 
200  Ibs.  pressure  ranges  from  338°  to  388°  F.,  all  heat  in  chimney  gases 
above  these  temperatures  is  wasted  unless  a  portion  of  it  can  be  absorbed 
in  some  such  manner.  Average  chimney  temps,  reach  600°  F. 

Economizers  effect  a  gain  in  evaporative  power  of  from'  6  to  30%,  fair 
results  being  set  at  10  to  12%,  with  a  cooling  of  flue  gases  of  from  150° 
to  250°  F. 

Condensers.  In  condensing  the  exhaust  steam  from  an  engine  a 
partial  vacuum  is  formed  and  the  gain  in  power  may  be  based  on  the 
increase  of  the  mean  effective  pressure  by  about  12  Ibs.  per  sq.  in. 

Jet  Condensers,  in  which  the  exhaust  is  met  by  a  spray  of  cooling 
water,  should  have  a  capacity  of  from  i  to  £  that  of  the  low-pressure  cylinder. 
Quantity  of  water  required  =  25  to  30Xwt.  of  steam  to  be  condensed. 
Temp,  of  hot-well  =  110°  to  120°  F. 

Surface  Condensers  should  have  vertical  brass  tubes  for  maximum 
efficiency  and  the  water  should  flow  downwards  through  them.  Tubes 
should  be  as  long  as  practicable  and  of  small  diam.  (0.5  to  1  in.).  Cooling 
surface  of  tubes  =  1  to  3  sq.  ft.  per  I.H.P.,  according  to  climate.  12.5  Ibs. 
steam  condensed  per  sq.  ft.  per  hour  is  good  practice.  Q  of  circulating 
water  =  30  Xwt.  of  steam  condensed. 

TT  .  TT  . 

Q  for  jet  condenser  in  lbs.=  .  — ,  Q  for  surface  condenser  =  - — ,  where 

t  —  ti  tz~t\ 

H  =  1,1 14°  F.  =  total  heat  of  1  Ib.  exhaust  steam,  <  =  temp.  of  hot-well  in 
F.°,  *i=entering  temp,  of  cooling  water,  and  ^2  =  temp.  of  water  when 
leaving  the  condenser.  Area  of  injection  orifice  =  Ibs.  water  per  min.  s-650 
to  750,  or,  =area  of  piston -H  250. 

Evaporative  Condensers.  In  these  the  exhaust  is  led  through  a 
large  number  of  pipes  cooled  externally  by  trickling  streams  of  water. 
This  water  evaporates,  thus  condensing  the  exhaust  steam  in  the  pipes, 
which  is  then  pumped  back  into  the  boiler.  Used  where  economy  in 
water  consumption  is  imperative.  In  well-designed  condensers  of  this 
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clftjM  1  Ib.  of  water  \\ili  .  ••>    .-i^am^t  the  uo  •.,  .'jo  n,«. 

llr-Tumps  [o  .-ill  i-..ti.|»-!.  •   tin-  \\ater  «if  condensation  ami 

the  air  it  originally  contained  when  enteimg  the  boiler.      In  jet  r<>n<.. 

i  |-o   |.IMII|.  i.den-ing    water   and    it-   eontent    of   air 

KIBC  of  an   air  pump   i-   raleiilated    frurii    the-4-   conditions,   allowances    Iwing 

made  for  et!  •   June  of  Air-Pump'  in  cu,  ft.—  —<0  +<?)—• 

7i  r.p.m. 

where  n  ••number  of  useful  -troke->  j>er  ruin.,  r/  -cu.  ft.  of  water  eon.; 

.!).,  (J     cu.  ft.  of  coolitv  min.,  C  —  2.S  fur  single  acting  and 

:     double-acting    jximp.       i  I  or    j.'t    condrn.-ei-  0   il     for 

iiiiulc-iicti'ig    pump    ami    jet    eoml.-n-'-i  .       HI,  <-ting    pump   and 

•  r,    and     ~0'J.     for    double-acting    hoti/ont.-:|    pump    and 
\  ol.  of  single  acting  air-pump   -  Vol.  of  low-pres.  cyl.-«-23. 
Circulating  Pumps.     Capacity  °=Q-*-n.     Diam.  of  cylinder  in  inches  = 
S  Q-t-(nX  length  of  stroke  in  feet).      (For  Q  and  n  see  Air-  Pun 
.a  through  valve  -^eats  and  past  the  valves  should  be  large  enough 
•  at    the   full   quantity  of    condensing  water    to    flow    at    a    ve, 
5400  ft.  per  min. 

Fusible    Plugs   are   screwed    into   those   portions   of   boilers   where   the 

heating  surface   first    Incomes  exposed    from   lack   of  water.     They  have 

a  core  of  fusible  metal  at  least  0.5  in.  diam.  tapered  to  withstand  internal 

(>.     The   U.   S.    <  i»\  -'t    specifies   Banca  tin   which  melts   at    445°  F. 

(2  Tin  +  1    Bismuth  melts  at  334°  F.,  3  Tin+1  Bismuth  at  392°  F.). 

Safet\-\  al\  ••->.  Area  (U.S.).  Lever  valves:  area  =  0.5  sq.  in.  per 
sq.  ft.  of  grate  area.  Spring-loaded  valve-;  i  sq.  in.  per  sq.  ft.  of  grate 
area.  Spring-loaded  valves  for  water-tube,  coil,  and  sectional  boilers 
carrying  over  175  Ibs.  pressure  must  have  an  area>*  sq.  in.  per  sq.  ft. 
grate  area.  Seats  to  be  inclined  45°  to  axis.  Spring-loaded  valves  to  be 
supplied  with  a  lever  which  shall  raise  valve  from  seat  to  a  height  equal 
to  at  least  i  diam.  of  opening. 

(B.T.)  Area  in  sq.  in.  =  (37.5  X  grate  area  in  sq.  ft.)-»-(faa0e  pres- 
sure +  15).  Philadelphia  Rule:  Area  in  sq.  in.  =  (22.5  X  grate  area  in 

sq.  ft.)  +  (gauge  pressure  +  8.62).     Ingenieurs  Taschenbuch    a  =  0.0644|  — 

where  a  —  area  of  valve  in  sq.  in.  per  sq.  ft.  of  heating  surface,  7>  =  max 
gauge   pressure,    T  —  cu.   ft.   of  steam  per  Ib.  at  pressure  p. 

Injectors  (Live-Steam).  Water  injected  ingals.  per  hour  =  l,280Z>2v//>, 
where  £>  =  diam.  of  throat  in  ins.,  and  P  =  steam  pressure  in  Ibs.  per  sq.  in. 

.    t          .    .         .         cu.ft.  of  feed  -water  per  hour(gross). 
Area  of  narrowest  part  of  nozzle  in  sq.m.  =  —     —  —  -  -  -' 

800  v  Pressure  in  atmospheres 

One  Ib.  steam  will  inject  about  14  Ibs.  water.     An  exhaust  steam  inject 
will  feed  against    pressures<80  Ibs.,  the  feed  being  at  about  65°  I 
auxilia-y  live  -team  jet  can  be  attached  to  feed  against    110  Ibs.  pn 
and,  by  compounding  another  live-steam  injector  with  it,  a  boiler  may 
be  fed  up  to  about  200  Ibs.  pressure,  the  feed  reaching  boiler  in  this 
at   about   250°  F. 

Injector    vs.    Pump.      Saving  of  fuel   over  amount    required  when 
ting   pump  feeds   at    60°   F.  (without  heater,   boiler   evaporatii 
10  Ib-.  water  at  212°  F.  per  Ib.  of  fuel). 

Injector  feeding  at  150°,  no  heater,  saving, 

through  heater  (from  150°  to  200°), 

Direct-acting  pump  through  heater  (from  60°  to  200°),       " 
•  red  .     (    "      60    "    200°),       " 

Steam-Pipes    (B.T.).      rf  =  inside  diam.,  t  =  thickness,   both   in    inches 
p™  pressure  in  Ib.  per  sq.  in. 

Copper  Pipes,   brazed.  '  =  6^0  +  A    in-'    solid-drawn,   <  = 
Lap-welded  Iron  Pipes,  <-;  Cast-iron  Pipes,  f  =  - 


gross). 
eres 

:sure, 
may 

~ 

ating 


Provision  should  be  made  for  expansion  in  long  lines,  which  amounts 
to  about   1  in.  in  50  ft.  for  the  range  of  temperatures  usually  employed. 
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IX(  RTSTATION    AND    CORROSION. 

Incrustation  or  scale  is  the  hard  deposit  in  boilers  resulting  from  the 
precipitation  of  impurities  from  water  boiling  at  high  temperatures.  Scale 
of  TV  in.  thickness  will  reduce  boiler  efficiency  i,  and  the  reduction  of 
efficiency  increases  as  the  square  of  the  thickness  of  scale.  A  larger  amount 
than  100  parts  in  100,000  of  total  solid  residue  will  generally  cause  trouble- 
some scale,  and  waters  containing  over  5  parts  in  100,000  of  nitric,  sulphuric, 
or  muriatic  acids  are  liable  to  cause  serious  corrosion. 

Prevention  and  Cure  of  Boiler  Troubles  due  to  "\Vater. 

Remedy  or  Palliative. 

Filtration,  blowing-off. 

Blowing-off. 

Heating  feed  and  precipitat- 
ing by  addition  of  caustic 
soda,  lime,  magnesia,  etr. 

Addition  of  carbonate  of  soda 
or  barium  chloride. 

Addition  of  barium  chloride. 


Trouble.  Troublesome  Substance. 

Incrustation.  .  Sediment,  mud,  clay,  etc. 
Readily  soluble  salts. 
Bicarbonates  of    magnesia, 
lime,  and  iron. 

Sulphate  of  lime. 

Priming Carb.     of     soda     in     large 

amounts. 
Organic  matter  (sewage). 


Corrosion Organic  matter. 

Acid  in  mine  waters. 
Dissolved  carbonic  acid  and 
oxygen. 

Grease. 


Precipitate  with  alum  or 
ferric  chloride  and  then 
filter. 

Ditto. 

Add  alkali. 

Heating  feed,  addition  of 
caustic  soda,  slacked  lime, 
etc. 

Slacked  lime  and  filtering. 
Carb.  of  soda.  (Substitute 
mineral  oils.) 

Many  scale-making  minerals  may  be  removed  by  using  a  feed-water 
heater  and  employing  temperatures  at  which  the  minerals  are  insoluble 
and  consequently  precipitate,  when  they  may  be  blown  off  before  passing 
to  boiler.  Phosphate  of  lime,  oxide  of  iron  and  silica  are  insoluble  at  212° 
carbonate  of  lime,  at  302°,  and  sulphate  of  lime  at  392°  F 

Kerosene  has  been  successfully  used  in  softening  and  preventing  scale 
and  should  be  introduced  into  the  feed-water  in  quantities  not  exceeding 
0.01  qt.  per  H.P.  per  day  of  10  hours. 

Tannate  of  Soda  Compound. — Dissolve  50  Ib.  sal  soda  and  35  Ib. 
japonica  in  50  gal.  water,  boil  and  allow  to  settle.  Use  tts  Qt.  per  H.P.  per 
10  hours,  introducing  same  gradually  with  the  feed-water. 

Grooving  is  the  cracking  of  plate  surface  due  to  abrupt  bending  under 
alternate  heating  and  cooling.  It  is  generally  found  near  rigid  Mays 
and  its  il'  effects  are  augmented  by  corrosion.  It  may  be  avoided  by 
providing  for  sufficient  elasticity  along  with  strength  and  by  rounding 
the  stay  edges  at  the  plate  • 

INTERNAL-COMBUSTION    ENGINES. 

Internal-combustion  engines  are  divided  into  two  classes.  In  the  first 
an  explosive  charge  of  gas  and  air  (or  a  vapor  of  alcohol,  gasoline,  or  kerosene, 
mixed  with  air)  is  drawn  into  the  cylinder,  compressed,  ignited,  expanded, 
and  then  exhausted.  The  ignition  produces  a  practically  instantaneous 
explosion. 

In  the  second  class  (e.g.,  Diesel  motors)  a  charge  of  air  is  drawn  in  and 
is  raised  by  compression  to  a  temperature  high  enough  to  ignite  the  oil, 
gasoline  or  other  fuel  which  is  sprayed  into  the  cylinder  during  a  certain 
portion  of  the  power  stroke.  The  combustion  in  this  case  is  gradual  and 
extends  over  the  period  of  the  stroke  during  which  the  fuel  is  injected 

In  simple  engines  there  are  four  strokes  in  the  cycle  of  operation 
1st  stroke,  drawing  in  of  explosive  charge;  2d  (return)  stroke,  compres- 
sion of  the  charge;  3d  stroke,  ignition  and  expansion  (power  stroke); 
4th  (return)  stroke,  exhaust  of  the  burnt  gases.  The  1st,  2d,  and  4th 
strokes  consume  from  5  to  10%  of  the  power  developed  on  the  3d  stroke. 
(For  indicator  card,  see  Fig.  12,  I7.) 
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Id    fw»  cycle  engines    tin-    •  ••mpresned   in   a  separate    cylindp,-, 

igmfioii  and  expan-ion  taking  |>ln<-<>  <>n  n,.-   I-?  »t   HIM  ward  -troke  <>t  engine 
•  •\hiiUMl   on    the    id  urn    stroke,      then-    being   one    impul- 
sion .if  My  wheel.     Larice  engines  are  also  constructed  so  as  t- 
•a  impul  ••  on  ea.-h  itroke. 

I  iieln.     The    thermal    efficiency    of    an     internal  combustion    engine    i^ 

I-«M|  l»y  high  completion.  tin-  only  limit    U-ing  th:it    the  temp. 
at  th.  I  rotnpte—  ion  mu-t   not  approach  near  to  that  of  ignition. 

The   temperature   of    ignition    \-nrie-    mver-ely    a-    tin-    number   of    B.T.I". 
•.  iic.l    in    i  ho   charge,    anil    rich   ga-es,   therefore,   should    not    he   highly 
compreaapd  nave  in  well  diluted  charge-.     'J'he  limits  of  compression  may 
be  extended   l-y  cooling  the  ga^--   un.lergoing  cf.miire-.-ion.  a>  in  t}.e   Hanki 
motor,  where  water  in  sprayed  intf.  the  <-ylirnler  to  al.-orb  the  heat  given 
out    .luring   corn|.re--iori.    an.  I    al-f.   a-    in    the    I  >ie-el   engine,    where    the    air 

•    i    to   it-    tuial    |>re--ure    Lefore   the   fuel   is   injected. 

Ki.  h  (..ises  ic.,ntaining  t.'-er  350  B.T.U.  per  cu.  ft.).     Coal,  coke-oven, 
and    natural   Ra*e». 

Hich  Mixture.  Lean  Mixture. 

Ratio  of  Ra-»toair  .........  1:6  to  1:7  1:10  to  1    I.', 

.  -rature  <.f  ignition.  ...    1  .000  to  1,100°  F.  abs.    1,200  to  1  .380°  F.  abs. 

<  '"mpression,  Ibs.  per  sq.  in..        66    '      <u  75"   115 

70  "     85  78 

I  :\P  I..  -ion  pressure  per  sq.  in.      210"   285  285"  355 

Lean  Gasps  (containing  le-<  than  350  B.T.U.  per  cu.  ft.).  Dowson, 
producer,  and  l.la.-t  furnace  r 

of  gas  to  air  .............     1  :  1  to  1:2 

Temperature  of  ignition  ........  1,300"  1,  475°  F.  abs. 

Completion.  ..........     115"    ITOlbs.  |wr  sq.  in. 

Mean  effective  pressure  .........      65  "     78   " 

BxpIOMOQ  |»re>sure  .............     -•'>•'>  '  '  '•','>'>  '  ' 

The  ga1*  ami  uir  should  lx>  tlu.roughly  mixed  Ijefore  ignition,  whicli, 
for  rich  mixture-,  i>  either  l.y  a  hot  tube,  a  valve-governed  flame,  or  by 
an  electric  -park.  1  or  lean  mixtures  the  electric:  .-park  i-  u.-ed. 

Liquid    Fuels. 

<  ia.-oline,  Kerosene,  Naphtha, 

Benzine.  .  \lcohf.l. 

Ignition  tempprature,  °  F.  abs  ........    930  to  1,020  1  .M7"> 

Compression,  Ibs.  j»er  sq.  in  ..........      40"      ,0 

(Banki  nif.tor)  .........    170  "  210        M  >»•>«•!;      4.',o  ' 

l-:\p|..-ion  pr.  —  ure.   Ibs.  por  stj.  in.  ...    170  "  285  140  "       285 

(  Banki)  .......   565 

Ml    I'  .  !b     p«  M|.  in  .....  r,7  "     78  50  "       70 


fuels    are    vapori/.ed    before    mixing.      Light    oils    (gasoline,    etc.  i 
i/.cd  by  the  heat  of  the  air  drawn  through   or  over  them,  or  they 
ma\     U-    atOIDJied.      Heavier    oils    require    heating    in    order    to    \a: 

•IP  ga-   is    u-ually   ignited    bv   an   electric    spark,      heavier  oils   bv   t  he 

hot      t    ; 

V\.  r.m.  \.diirs  fnr  roinpressjoii  il.ucke).  Ken.serie  and  city  gas, 
XO  Ib-  .  (Moline,  N"»  Ib-.;  natural  cas,  ll.'j  Ibs.;  producer  gas.  !:;.">  Ibs.: 
!•">•")  Ib-.  i  All  pre--urv-  :i;i  absolute.) 

I  H.  -I  <  onsiiniption  (Ck)  per  K.II.P.  Hour,  and  actual  thermal 
efficiencies 


5  H.P. 

H.P 

>  100 

H.P. 

t/» 

1 

>I0 

f'h 

i 

w 

C/i 

h 

1 

Coal  gas                      ru. 

ft.. 

.     22 

0 

20 

18.4 

0. 

24 

15.2 

0. 

Producer  gas, 

'  * 

10.,   to 

0 

.17 

85  t( 

>    0 

17 

0. 

21 

f.Anth  ncitp  an.  I  coke* 

11.-. 

'.»_' 

80 

Blast  -furnace  gas.cu. 

ft... 

115 

0. 

20 

100 

0. 

24 

Coke-oven  gas,        " 

*  • 

30 

0. 

19 

24  .  7 

0. 

Ib 

».   . 

.    0.66 

o. 

19 

0.55 

0. 

23 

Kerosene. 

1.2 

0 

11 

1  02 

0. 

13 

. 

ide. 

(Diesel  n,' 

.    1.1 
.  0.55 

0 
0. 

L>_> 

25 

0.92 
0.51 

0. 
0. 

26 
27 

0.44 

0. 

315 
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Properties  of  Fuels. 


B.T.U. 
per  Cu.  Ft. 
(//.) 

Lbs.  per 
Cu.  Ft. 
(Atmos. 

Cu.  Ft. 
per  Lb. 
Pressure.) 

Cu.  Ft.  Air  Re- 
quired for  Com- 
bustion of  1  Cu.  Ft. 
Gas. 
Theoret.      Actual. 

Coal-gas,  average.  .  . 
•'       N.  Y.  City. 
Producer-gas. 
Anthracite  
Lignite  

650 
710  to  720 

140     . 
124 
130 
275 
106 
506 
1,000  to  1,100 
495  to  585 
1,550 

B.T.U.  per  Lb. 

18,500 
22,000 
18,000-20,000 
10,900 
8,300 

.035 

.062 
to 
.075 
.044 
.08 
.042 
.0458 

50 

43  .'8 
51.9 

28.5 

16 
to 
13.5 
22.7 
12.4 
24 
21.83 

.02      | 

.0229/ 
.019 

5.6  to  6.5 

.85 
to 
1 
2.4 
.75 
5.3 
9 

12.5 

Cu.  Ft.  A 

Fu 

|3 

96 

9  to  10 

1.1 
to 
1.4 
3  to  4 
1  to  1.2 
7 
12.5 

18  to  20 

ir  per  Lb. 
e!. 
250  to  350 

240  to  320 
125  to  190 

C..ko  
Water-gas  (coke).  .  . 
Blast-furnace  gas.  .  . 
Coke-oven  gas  
Natural  gas  
do.  Pittsburgh  .  .  . 
*  Acetylene  

Petroleum        .  . 

Benzine,  gasoline.  .  . 
Alcohol,  grain  (90%) 
wood  

*  One  pound  of  calcium  carbide  liberates  5.75  cu.  ft.  of  acetylene  gas. 

Cooling  Water  (when  entering  cylinder  jacket  at  about  60°  F.  and 
leaving  at  about  150°  F.)  should  be  supplied  at  the  rate  of  40  to  45  Ibs. 
t>er  hour  per  I.H.P.  (or  5  to  5.5  gal.).  Supply  tanks  should  have  a  capac- 
ity of  20  to  30  gal.  per  I.H.P. 

'Efficiencies.  Actual  thermal  efficiency,  i)w  =  2,545  -±HCh 
efficiency  r,m  =  B.H.P.  H-I.H.P.  Indicated  thermal  efficiency 
Theoretical  thermal  efficiency,  9,  =  (1.25  to  2)i)i. 

Average  Values  of  \m  (Lucke). 


Mechanical 
=  rtw  -5-  ijm. 


I.H.P.  of  Engine.      Four-cycle. 
500  and  larger  .....  81  to  .86 


25  to  500  .........  79 

4  "     25  .........  74 


.81 

.  80 


Two-cycle. 
.63  to  .70 
.64  "  .66 
.  63  "  .  70 


Brake  Horse-Power ^aspmvmE  -f-  (12 X33.000)  =  (r.tfsE x 65 X0.85) -s- 
(4Xl2X33,000)  =  0.0001096d2sJ?,  where  a  =  area  of  cylinder  in  sq.in.= 
0.7854rf2,  8>=  stroke  in  inches,  pm  =  mean  effective  pressure  (average  =  65  Ibs. 
per  sq.  in.),  rtm  =  . 85,  £'  =  number  of  explosions  per  min.  =r.p.m. -r-2,  for  a 
four-cycle  engine. 

Piston  Speeds.     Average  practice  in  ft.  per  min.  =  6004-0.2  X  H.P. 

Valve  Setting.  The  exhaust  should  close  when  engine  is  on  center; 
the  inlet  should  open  about  5°  after  center  is  passed  and  continue  about 
10°  beyond  center  after  compression  has  begun. 

Ratio  of  Clearance  to  Stroke  (~)»  where  c  =  volume  of  clearance 
space  in  cu.  in. -T- area  of  cyl.  in  sq.  in. 

c-J-8.  Compression. 


Natural  gas  0.3 
Rich  gas,  rich  mixture  0.47    t 
"  ,  lean                0  26 
Lean  pas                                        0  18  ' 

o  0  .  77            65  t 
0.38           115 
0.26           170 
1  .  44            56 
0.177        210 
0.77             70 
0.077        500 

100  1 
o    40 
80 
115 
28 
170 
42 
450 

h.  P 

or  s 

q.    n 

Benzine  0.54 
(Banki)  0.146 
Petroleum,  Alcohol  0.42 
(Diesel)  0.072 

I      \\  I-    Till:    >TI    \M     ENGINE. 


I    \  |i.iri-iiiii  .mil  <  ompi-r--iori   l.;iu».      /T"  -   /',  1',".  -.n   n 

•  -'.in    I   L'  ti,   1  .".        I  .,r  expan- 
ir.d  :il    !..'{  for  c<  .niprf--i.ni.       If  n  i- 
ut    I  .'U.  tin-  follow  inif  forniul 

,ur.->     .mil      I  «  tn\>-  •r-.iliiM--  B).       Let    P-BUCtlOD    pi. 

in  II-    IHT  -.|    in..  /'.  P«—  explosion  procure,  Pr  — 

T~  initial  barge    in   degs.    J-  .    ah-.,  lute. 

f'r  •  <>\\>\<>*\nii  temperature,   7Tr  =  exhau-t 
:.d   c-  clearance    expressed   a«   m< 


pa  +     +  e.     7-fo,  sraVpr,Kingengine.s=100 

•  •-.  T"  120(1  +(c  -+-*)]  +  461. 

-T^  Te**Te  +  R  if  scavenKinK;  if   not, 

*)]•  w"«  re  ^  if*  tho  ri-^-  uf  temperature  due  to 
and    in    obtained     from     a    lal.lo     whirh     fr.Ilows.      Pe~PeTe+Te.     Pr- 

Pt  +  Y  T—  --  J  ,  where  •|  —  inche«*  uf  stroke  completed  at  point  of  release. 

Tr  -  Te  +*l/Pe  +  Pr-Te  +  ^/[(t\  +c)  -HC]. 

K;ilio  of  Air  to  (i;i>.  •-•..liirnetrir).  a=»(C'-t-50)  :  1  for  best  economy, 
<i-(C  +  60)  :  1  for  maximum  |.«.-M)»|P  l«>a.l.  C  =  calorific  value  of  gas  m 
K  I  I.  p«-r  <-n.  ft. 

Value  of  Explo-i\«-   Mixture,  Tj  =  C-s-(o  +  1). 


Properties  of  the  Constituent  Elements  of  Gases. 

(32°  F.,  atmospheric  pressure.) 


ific 

II. 

LJ*. 

I.I,-. 
Oxy- 
Ken 
perlb. 

CM.  ft. 
Air  re- 
quired 
by! 
cu  ft 

B.T.U.  perlb. 

<-t  Constituent 
Gas. 

per 
cu.  ft. 

<  las 
for 

of  Gas 
for 

Com- 

k°' 

kf. 

tion. 

bus- 
tion. 

High. 

Low. 

Hydrogen      H 

2.414 

3.405 

.  00559 

8 

2.43 

61,560 

51,840 

Mfir«h  -K:I-    CM 

OH.-, 

4 

9.66 

23332 

21,438 

Kthvlene    C.H., 

!l76 

.404 
248 

.0778 
.0777 

3.434 
.571 

2.41 

21384 

20.016 
4392 

n-monoxid< 

n  dioxide.  < 

JIT 
244 

.218 

1221 

.0778 

(1SSS 

B.T.U.  per 

cu.  ft. 



lti«i 

.2377 

.08011 

High 

I  .,w 

.  .  . 



(coal  gas)    

.189 

.258 

II 

344  12 

289  79 

CHj 

1060.52 

954 

C?H< 

L663.68 

CO 

:;  \  1  .  jti 

in    above    table    have    IKHMI    ralrulated    from    the   lato<t     . 
to  atomic  weights.     The   B.T.C.   values  have  been  taken  from   Des 
Itigrt  •  rihur-h.       The  values  for  specific  heat   are  taken  from  a 

table  by  \V.  W.  Pull.-n.  in   Fowler's  rocket-Hook.1) 

(  .ill  ul. tt  ion  <»f   the  Calorific    Value  of   a  ft  as  (1  cu.  ft.  at  32°  F.). 
page  99  gives  the  calculations  for  a  high-grade  coal-gas. 

•  n  the  high    and    low   values   of   the    B.T.U.  in  the 

lie  heat  of  condensation  of  that  amount  of  steam  which 

from   burning  the   hydrogen    in   one   cubic   foot   of  gas.       The  low 

d    be    u.«<ed  in  calculations,  this  being  the  only  heat  liberated 

in  the  cylinder. 
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Volume 
in  cu.  ft. 

Weight 
in  Ibs. 

Specific  Heat. 

B.T.U. 

(Low). 

Air.  cu. 
ft.  for 
complete 
Combus- 
tion. 

*„•• 

fc» 

H  

C»4  

I',','. 
£°'  

.3978 
.4516 
.0638 
.0704 
.0108 
.0050 

.00222 
.02010 
.  00496 
.00547 
.00132 
.00039 

.1553 
.2738 
.0477 
.0278 
.0059 
.0020 

.2191 
.3455 
.0580 
.0392 
.0083 
.0003 

115.28 
430.83 
99  .  35 
24.02 

669.48 

.967 
4.362 
.925 
.170 

6.424 

1.0000 

.03451 

.5127 

.6732 

If  a  10  •  1  mixture  of  the  above  gas  be  used  in  an  engine  the  calcula- 
tions are  as  follows:  1  cu.  ft.  of  mixture  (10  vols.  air -1-1  vol.  gas)  weighs 
[(. 0801 1  X  10)  +  . 03451] H-  11  =  .07596  Ib.  Specific  heat,  kv  =  .1832;  fcp  = 
.2553;  kr  -f-  A-I-  =  n  =  1 .394.  Heat  required  to  raise  one  cubic  foot  1  degree 
F.  =  .013916  B.T.U.  =  h.  Heat  evolved  by  combustion  of  1  cu.  ft.  of  mix- 
ture =  60.862  B.T.U.  =  H.  H-t-h  =  4,374°  F.  abs. 

The  efficiency  of  combustion  of  coal-gas  has  been  experimentally  deter- 
mined to  be  as  follows: 


Ratio  of  mixture 6:1 

Efficiency,  x 465 


8   1 
.543 


10:1 
.575 


12.1 
.580 


The  rise  of  temperature  due  to  explosion  at  constant  volume,  R  = 
in  this  case  =  4,374 X. 575  =  2,5 15°  F. 

If  this  mixture  be  compressed  from  15  Ibs.  absolute  to  80  Ibs.  absolute, 
in  a  common  or  non-scavenging  engine,  (s  +  c)-f-c  =  3.51,  *  =  2.51c, 
«-r-c  =  2.51,  and  c-s-s  =  .4.  Substituting  these  values  in  the  preceding 
formulas.  T  =  629°  F.,  TC  =  956°F.,  TV  =  2,753°  F.,  77r  =  l,860°F.  P  = 
15  Ib.,  Pe  =  80  Ib.,  Pe  =  231  Ib.,  Pr  =  47.86  Ib.  fri  taken  =  0.9s). 

For  a  scavenging  engine,  7T  =  601°  F.,  rc  =  914°  F.,  7V  =  3,429°F., 
7Tr  =  2,315°  F.  P«.  =  300  Ib.,  Pr  =  62.3  Ib.  (All  pressures  and  tempera- 
tures are  absolute.) 

The  Diesel  Engine.  Clearance  =  0.0625  to  0.07  X  vol.  of  cyl.  Com- 
pression PV'1-3  =  C;  expansion:  PF1-2  =  C.  Temperature  at  the  end  of 
compression  to  500  Ibs.  pressure  =  720°  F. ;  temperature  at  the  end  of 
combust  ion  =  1.922°  F.  A  test  by  Mr.  Ade  Clark  in  March,  '03,  showed 
a  consumption  of  0.333  Ib.  of  Texas  fuel  oil  (19,300  B.T.U.  i>er  Ib.)  per 
I.H.P.,  or  0.408  Ib.  per  B.H.P.  and  an  efficiency  of  32.3%. 

Various  Engine  Performances.  Koerting  engine,  900  H.P.,  28% 
efficiency  on  B.H.P.  (33.5%  eff.  I.H.P.).  A  Diesel  engine  of  160  H.P. 
tested  by  W.  H.  Booth  used  0.45  Ib.  of  heavy  fuel  oil  per  B.H.P.  A  Crossley 
engine  using  producer-gas  required  from  0.65  to  0.85  Ib.  anthracite  per 
B.H.P.  A  Hornsby-Akroyd  oil  engine  showed  a  consumption  of  0.785  Ib. 
of  crude  Texas  oil  per  B.H.P. 

Design  and  Proportions  of  Parts.  The  following  matter  is  condensed 
from  an  article  by  S.  A.  Moss,  Ph.  D.,  in  Am.  Mach.,  4-14-04.  The 
results  have  been  derived  from  76  single-acting  engines  (5  to  100  H.P.) 
made  by  20  builders  and  will  serve  as  an  index  of  average  practice  Maxi- 
mum explosion  pressures  varied  from  250  to  350  Ibs.  per  sq.  in.,  and  300 
Ibs.  has  been  taken  as  an  average.  Compression  varied  from  50  to  100 
Ibs.  (50  for  gasoline,  100  for  natural  gas)  and  70  Ibs.  has  been  taken  as 
an  average.  Maximum  H.P.  was  found  to  be  about  1.125Xrated  H.P. 
Mechanical  efficiency  about  80%.  Values  to  the  right,  in  brackets,  are 
taken  from  Roberts'  Gas- Engine  Handbook. 


Diam.  of  cylinder  in  ins 

Thickness  of  cylinder  wall,  t. 


=  d. 


=T6  +  0.25in. 


jacket          "         =0.6* 

water  jacket =  1.25* 


[*  =  0.09<f]. 

f*  =  0.045d]. 
[<  =  0.1d] 


100  ni.vr    \\D  TIM.   STEAM    K\<;INK. 

•0.66rf  +  2. 
.  .  .  -rf+12  (average). 

::=«:«      :: 

—  1  .  3a  (a  ™  area  of  cyl.  in  PH 

• 

•.  '  ing  part-  i  n-  -M).  ."»»•;  i.      »r/i  ;  «J7  average  »  1.7. 
Length  l.5rf  (average). 

Bearing  prexaure  on  pi  -ton  duo  to  wnglit     -0.89  Ib.  per  »q.  in. 
..new  of  rear  wall  of  pi  -ton  -d-MO. 

.    -0.22d;   length  -1.  75  Xdiam. 
•  i<in  <if  oonn  -0.23d. 

Crank  |.  in     length     0.39<f;   diam.  -O.I  !</. 

M  -o.2»W;    breadth—  0.6M.    ' 

•  iik  -haft.  *      0.:*7.V/. 

Main  bearing,  length  -O.Sorf  (bearimr  procure  averages  125  Ib-.  per  MJ.  in.). 
...it-.dediam  .....  -12.  -      r.p.m.). 

n  \:+N. 

IKT  miii.  .V  ...........  -800*vT[^-880  :  -  M.H.P.)0-"  for  4-cycle, 

increase  i  for  2-cycle.] 


>j.«>rd,  ft.  i»or  ruin. 
i»{   PII-C  diam  .........  =0.- 


valve 


=  0.3rf     ro.3.rK/]. 


-0.27'/  [0.316rf]. 

-  0    ll'/. 

valve 

Air  pipe  -  =  0.25<f 

Max.  B.H. P.  =<PIN+ 14,400.     [For  gasoline,  divide  by   18,000  (4-cycle)  or 
by  13.500  (2-cycle).] 

M.E.P.  =50  to  85  Ibs.   i>er  sq.   in.;  average,  70  Ibs. 

.-d  of  exhai.  -'')()  ft.  per  min.  (average). 

'  '    inlet    charge  li.  HID  '  ' 

"  gas    -3.7(M)  "       "       " 

"air     -(i.900 ' 


Dr.    Lurko   (in  "Cas  I'lneinp   Design,"    D.   Van  ] \..stran- :  that 

engines  should   l>o  <U»<ignpd   to  withstand   max.   pressures  of  450  Ibs.   per 

The    following   additional    formulas   are   taken   from   his   work. 
Thii-knpss    of    cylinder    wall,    *  =  (.062    to    .075)rf  +  0.3    in.     Wrist-pin: 
diam.  -0.35d.  length  =  0.6rf. 

!iimlx>r  =  3  to  10,  width  =  0.25  to  0.75  in.,  greatest  radial 

'17*  in.  ((iiildner),  or,   =0.033rf  +  0.125  in.  (Kent ).     Valve 

diam  0.  !."))</;     valve  -"tern  diam.  =(0.22  to  0.3)t>;    valve  lift  = 

rlat   valves,— 50%  greater  for  45°   conical    valve-;    valve- 

'05  to  0.1)r;    valve-faces     '1.1    to    l..~>i  -'width   of 

.ll    \al\e-. 

Mitional  data  are  taken  from  E.  W.  Roberts'  Gas-Engine 
H.-tndbook  /(for  two-Cycle)  >l  to  1.2.W;  diam.  of  water-pipes  =0.15d; 
diam.  of  flywheel  htil)-2«;  hub  length  =  1.75«  to  2.25«;  mean  width 
of  o\:d  .-poke  or  arm  U.S.*  to  1.2*;  mean  thickness  of  arm  =  (0.4  to0.5)X 

i  Ifh:    ncmber  of  -puke-      t>  i  pern-rally''. 

i;iiL'ine    foundations.      In  order  to  absorb  tlie  vibrations  of  an  engine 

il<l  l»e  bolted  to  a  foundation  whose  weight  F  i-  not  less  than  0.21£V/.W, 

e    /•'     wt     of  engine   in   Ibs.      Hrirk  foundations  weigh  about    112  Ibs. 

i    ft.  and  tho-e  of  concrete  :il>oiit    \:M  Ibs.,  an  average  being  about 

12.~>  lba.perou.ft.     Number  cu.  ft.  in  foundation  -I-'-:- 125.     The  inclination 

or  ••batter"  of  the  foundation   walls  from  top  to  bottom  should  be  from 

3  to  4  in.  per  foot  of  height  (E.  W    Roberts). 


•MI  portion  of  DTT  Air.— By  weight:  23. 1%O+75.55%N+0.05%OO2+ 

>_  fO.M   Ar. 

ire  air  at  H2°  1  .  and  at  a  barometric  pressure  (£)  of  29.92 

!'TreUS  W7  "V^A?"  ln°  Wl>iKhs  ()-OS0728  lb-  ^nd  t>. 
Ib.- 12.387  cu.   ft.      At    any   other  temperature  and    pn 
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weight    per   cu.    ft.,   ^  =  =  .    where    #  =  height    of    mercury 


in  barometer  in  in.,  t  =  temperature  in  degs.  F.,  1.3302  =  weight  in  Ibs. 
of  461  cu.  ft.  of  air  at  0°  F.  and  1  in.  barometric  pressure.  Air  expands 
iJ3  of  its  volume  for  each  increase  of  1°  F.,  and  the  volume  varies  inversely 
as  the  pressure. 

Air  liquefies  at  —220°  F.  (its  critical  temperature)  under  a  pressure  of 
573  Ibs.  per  sq.  in.  and  boils  at  -312°  F.  Specific  gravity  at  -312°  F. 
=  0.94.  Latent  heat  =  123  to  144  B.T.U.  per  Ib.  Liquid  air  occupies 
about  sno  of  the  volume  of  the  same  weight  of  free  air  at  normal  tem- 
peratures. 

Barometric  Determination  of  Altitudes.  Pressure  of  the  atmos- 
phere at  sea-level  (32°  F.)  =  14.7  Ibs.  per  sq.  in.  Difference  of  levels  (at 

32°  F.)  in  feet  =  60,463.4  log  -jr-  (1),  where  B  and  BI  are  the  barometric 

£>1 

readings  of  the  two  levels.     If  B  is  taken  at  sea-level  it  is  equal  to  29.92  in. 

OQ   QO 

and  Height  above  sea-level  =  60,463.4  log  ~^~     (2). 

*»i 

For  any  other  temperatures,  t  (for  B)  and  t\  (for  Z?i),  formulas  (1)  and 
(2),  must  be  multiplied  by  a  correction  factor,  c  =  1  +Q.00102(?-M1  —  64). 

Approximately,  the  pressure  decreases  0.5  Ib.  per  sq.  in.  for  each  thou- 
sand feet  of  ascent. 

Flow  of  Air  in  Pipes.     Q,  in  cu.  ft.  per  min.  =cT  ^y,  where  p  =  differ- 

wLi 

ence  between  the  entering  and  leaving  gauge  pressures  in  Ibs.  per  sq.  in., 
tf  =  diam.  of  pipe  in  in.,  7,  -length  of  pipe  in  feet,  and  w  =  density  of  the 
entering  air  (Ibs.  per  cu.  ft.). 

When       d  =  l  in.        2  in.        3  in.        4  in.         9  in.         12  in. 
c  =  45.3        52.6        56.5          58  61  62 

Richards'  formula  is  Q  = 

i 

When       d=l  in.         2  in.        Sin.        4  in.         Sin.          12  in. 
a  =  0.35        0.565      0.73        0.84        1.125        1.26 

Flow  of  Air  through  Orifices.  Theoretical  velocity  in  feet  per  sec. 
»  =  r  2-7X27  ,816  (l-^)  =  l,  337.7^1-^,  where  p  is  the  pressure  in  the 

reservoir  out  of  which  the  air  flows,  and  PI  the  pressure  of  the  receiving- 
reservoir.     For  the  actual  efflux  the   value  of  v  must   be   multiplied   by 
the  proper  one  of  the  following  coefficients 

Pressure  (in  atmospheres).     0.1         0.5         1  5  10  100 

Orifice  in  thin  plate  .......     0.64       0.57       0.54       0.45       0.436        0.423 

.short  tube  ........     0.82       0.71       0.67       0.53       0.51          0.487 

Loss  of  pressure,  p  =  0  107v2u'L  -5-  c2d,  where  w  at  ordinary  temps.  =• 
0.03(pi  -s-  14.7)0'71,  PI  (at  entrance,  absolute)  and  p  both  in  Ibs.  per  sq.  in. 

COMPRESSED    AIR. 

Free  air  is  that  at  atmospheric  pressure  and  at  ordinary  temperatures 
(14.7  Ib.  per  sq.  in.,  62°  F.).  Absolute  pressure  =  gauge  pressure-f  14.7 
Ib.  Absolute  temperature  =  461°  F.  +  reading  of  thermometer  in  degs.  F. 

Relations  between  Temperature,  Volume,  and  Pressure. 

p—(Vi\l-"-(L\3-".  V--(Ei\°-71-  fuV'44-  1.-/^0*1   /py  *• 

p,       \V  )  Vr,/         '   Vl     \p)        ~U/         '    tr      \YS  W 

PV  =  Rr;   R  =  53.354;     P  =  ap.      In  the    foregoing    p,   V,r,    and  PI,   I',. 

TI   are    the    respective    initial  and   final  absolute  pressures,  volumes,  and 

absolute  temperatures. 

Work  of  Compression.     Ft.  -Ibs.  of  work  required  to  compress  1  cu. 

ft.    of   free   air   to  any  desired  pressure,   PI,     isothermally=  144pXloge    -. 


I      \NI>    Till.    -TI-.AM     I  \GINE. 


If  ;.-!•».  7  ML.  \v..rk  in  H.I',     o.nt.ll  log*  £=t  when  oooipreMed  ifi  1  min 


(  -1    I, 


.i-    ,,f  work  re.imr.-d   •  I    Ih.  of  free  air  adiabatically  at 

the   absolute    temperature   T,    -(T,  -r)X  778X0.2375-  184.7(r,-r  )  ft 

where    -i     i-     the     temp.     rorre.-.jonding    to    the 

,.   to   which  rnpre--ed.      I  or   work   to  compress    1    cu.   ft. 

iliove  \alue  li.v  tlie  nuiiiIxT  of  cu.  ft.  in    1   ll>.  at  r. 

.,1   work  -'work  of   isothermal  compression  +aboirt 

•i    i-othei  lual   :ind   adiahatic   work. 

The  Output  of  a  Compressor  at  any  Altitude  expressed  in  per 
cent  -100-  "X.). 

LOHS  hy  Coollim  from  70%  under  bad  conditions  to  20%  with 

reheat  i  MI;  :in<l  air  injection. 

i,\    rip.-   I  ri<  tion  i>er  mile  —  5%. 

Kehcatinij.      <lain  hy  reheat  ing  in    per   cent  =  100    (l~~).    where    T 

are  the  absolute  temperatures  In-fore  and  after  heating. 

le  at  Cornell    I'niversity  show   that    from  28  to  38%   gain   in 

thermal  economy  can   be  made  by  reheating  air  from  90°  to  320°  P.,  the 

ncy  of  the  reheater  l>eing  50%.     There  is  no  additional  gain  made 

l>\    heating   above  450°  and  if  300°  is  much  exceeded  there  is  danger  of 

charring  the  lubricant. 

Pneumatic  Tools  (cu.  ft.  of  free  air  required  per  min.,  80  Ibs.  pressure). 
Chipping  and  calkin*  tools,  11  (light)  to  17  (heavy);  riveting  tools,  15 
(i  in.  rivet)  to  22  (li  in.  rivet);  drills  (metal),  15  (1  in.)  to  35  (3  in.); 
wood-boring,  12  (1  in.)  to  18  (2fr  in.). 


AM) 

Let  A  =  pressure  generated  in  inches  of  water  (1  in.  water  =-0.57  7 
per  -M.  in.  1  07  per  sq.  in.  =  1.73  in.  water);  t>  =  peripheral  vel<x-ity  of 
wheel  in  ft.  per  sec.;  v\  =  velocity  of  air  entering  the  wheel  through  the 
Miction  opening-  in  side  of  case  (25  to  33  ft.  per  sec.);  d  =  diam.  of  .suction 
openings  in  in.  (for  o|>enings  on  both  sides  of  wheel,  d=  13.54V/g-5-2»J; 
'for  o|K»ning  one  side  only,  d=  13.54  Vg-5-  v\);  Dj  =  inner  diam.  of  wheel  =  rf 
to  1.  ."></;  I)  outer  diam.  =  2D[  for  suction  funs  (^3/^i  ft>r  blov.  . 
Ar-r.p.m.  =  22»»-^-I>;  6  =  width  of  vanes  at  Z^-  0.254  to  0.4rf  for  suction 
oiieniim  on  one  side  (=0.5d  to  0.8d  for  opening  on  both  >ide-';  f>,  width 
of  vane->  at  1),  ^bDi-t-D;  No.  of  vanes  =0.375/>;  Q  =  CU.  ft.  of  air  per 
sec.;  ij  =  efficiency  =  0.5  to  0.7  for  large  fans  (0.3  to  0.5  for  small  fans); 
c  —  1.2  to  1.4  for  large  fans  (1.4  to  1.7  for  small  fans);  «  =  angle  which  the 
extreme  outer  element  of  a  vane  makes  with  the  radius  at  that  point. 
Then,  t>  =  3.28[4  tan  a  +  V^(4  tan  «)24-200A].  a  is  positive  when  the  vanes 
are  curved  or  inclined  backward  from  the  direction  of  rotation  (negative 
when  forward).  For  radial  vanes  o=0,  and  v  =  46.4<V/T=  46.4  v^TT^. 
Area  of  discharge-oj>ening  in  sq.  in.  =  144  q  +  v?,  where  rj==  velocity  of  air 
in  pii*»  in  ft.  i>er  sec.  H.P.  required  =  qh  •*•  105.7ij.  Outer  diam.  of  disc 
fan  in  in.*-3^q-  i»  =  0.2  to  0.3. 

M  KCHANICAL    REFRIGERATION. 

'laniral  refrigeration  is  produced  by  expanding  a  heat  medium 
from  ;i  normal  temperature  to  one  which  is  below  the  usual  limits  for 

imate  and  /.one  where  the  expansion  takes  place.  Media  are  chosen 
with  regard  to  their  willingness  to  surrender  their  heat  energy  to  surround- 
ing .iliject-.  and  vapors  are  therefore  best  employed. 

:  ch«.-«-n  i-  compre—  ed  and  then  relieved  of  its  heat  in  order 
to  dimmish  it-  volume.  It  is  then  expanded  so  as  to  do  mechanical  work 
and  lowered.  The  absorption  of  heat  at  this  stage  by 

the  vapor  in  resuming  its  original  condition  constitutes  the  refrigerating 
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Ammonia  (NH3),  Sulphur  dioxide  (SO2),  Pictet  fluid  (SO2  +  3%  of  car- 
bonic acid,  CO2)  and  air  are  most  employed,  ammonia  and  air  being  of 
principal  importance.  Air  is  used  on  shipboard  where  pungent  vapors 
would  be  objectionable. 

(l/",\0.41         /n\°-23        T 
-j-i)        =(  — )        =— •     Air  is  cheap  and  harmless,  but   its   use 
V  /  \p\s  TI 

is  limited  on  account  of  its  bulk  and  the  size  of  the  machinery  employed. 
Efficiency,  measured  in  ice-melting  effect  (latent  heat  of  fusion  of  ice  = 
142.2  B.T'.U.)  is  between  3  and  4  Ibs.  of  ice-melting  capacity  per  Ib.  of 
fuel,  assuming  3  Ibs.  of  fuel  per  H.P. 

Saturated  Ammonia  is  inexpensive,  remains  liquid  under  atmospheric 
pressure  only  below  —30°  F.,  and  at  70°  F.  under  115  Ibs.  gauge  pressure. 

Properties  of  Saturated  Ammonia. 


Temp. 
Degs.F. 

Abs.  Pres- 
sure, Lbs. 
per  Sq.  In. 

Heat  of 
Vaporization, 
B.T.U. 

Vol.  of 
Vapor. 
Cu.  Ft.  per 
Lb. 

Vol.  of 
Liquid. 
Cu.  Ft.  per 
Lb. 

Wt.  in  Lbs. 
of  1  Cu.  Ft. 
of  Vapor. 

-40 

10.69 

579  .  67 

24.38 

0.0234 

0.0411 

-30 

14.13 

573  .  69 

18.67 

.0237 

.0535 

-20 

18.45 

567  .  67 

14.48 

.0240 

.0690 

-10 

23.77 

561  .  61 

11.36 

.0243 

.0880 

0 

30.37 

555.5 

9.14 

.0246 

.1094 

MO 

38.55 

549.35 

7.20 

.0249 

.1381 

20 

47.95 

543  .  15 

5.82 

.0252 

.1721 

30 

59.41 

536  .  92 

4.73 

.0254 

.2111 

40 

73 

530.63 

3.88 

.0257 

.2577 

50 

88.96 

524.30 

3.21 

.0261 

.3115 

60 

107.60 

517.93 

2.67 

.0265 

.3745 

70 

129.21 

511.52 

2.24 

.0268 

.4664 

80 

154.11 

504  .  66 

1.89 

.0272 

.5291 

90 

182.8 

498.11 

1.61 

.0274 

.6211 

100 

215.14 

491.5 

1.36 

.0277 

.7353 

Ammonia  Compression  System.  The  ammonia  vapor  is  compressed 
to  about  150  Ib.  pressure  and  a  temp,  ot  70°  F.,  and  is  then  allowed  to 
flow  into  a  cooler  or  surface-condenser,  where  the  heat  due  to  the  work 
of  compression  is  withdrawn  by  the  circulating  water  and  the  vapor  is 
condensed  to  a  liquid.  It  is  then  allowed  to  pass  through  an  expansion 
cock  and  to  expand  in  the  piping,  thereby  withdrawing  heat  from  the 
"brine"  with  which  the  pipes  are  surrounded.  This  brine  is  then  circu- 
lated by  pumps  through  coils  of  piping  and  produces  the  refrigerating 
effect.  The  expanded  ammonia-gas  is  then  drawn  into  the  compressor 
under  a  suction  of  from  5  to  20  Ibs.,  thus  completing  the  cycle  of  operations. 

The  brine  consists  of  a  solution  of  salt  in  water.  Liverpool  salt  solution 
weighing  73  Ibs.  per  cu.  ft.  (sp.  g.  =  1.17)  will  not  congeal  at  0°  F.  Amer- 
ican salt  brines  of  the  same  proportions  congeal  at  20°  F.  Ammonia 
required  =  0.3  Ib.  per  foot  of  piping.  Leakage  and  waste  amount  to  about 
2  Ib.  per  year  per  daily  ice  capacity  of  one  ton.  The  brine  should  be  about 
6°  colder  than  the  space  it  cools. 

Ammonia  Absorption  System.  In  this  system  the  compressor  is 
replaced  by  a  vessel, — called  the  absorber, — where  the  expanded  vapor 
takes  advantage  of  the  property  of  water  or  a  weak  ammoniacal  liquor 
to  dissolve  ammonia-gas.  (At  59°  F.  water  absorbs  727  times  its  own 
volume  of  ammonia- vapor.)  The  liquor  in  the  absorber  is  then  pumped 
into  a  still  heated  by  steam-pipes,  where  the  ammonia-gas  is  vaporized, 
the  remainder  of  the  process  being  then  the  same  as  in  the  compression 
system.  The  absorption  system  is  less  expensive  to  install,  and  com- 
mercial ammonia  hydrate  (62%  water,  sp.  g.  =0.88)  may  be  used  in  the 
absorber. 

Efficiency.  Ice-melting  capacity  per  Ib.  of  fuel=u>*f-=- 142. 2u-, ;  Ice- 
melting  capacity  in  tons  (2,000  Ibs.)  per  day  of  24  hours  =  24vs/  + 
(142.2X2,000),  where  tr  =  lbs.  of  brine  or  other  fluid  circulated  per  hour 
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iri_)|,      ,,f   f,,,.|    u-cd    |  XT    hour,   *     specific    heat    of    tlio   circulating   fluid, 

l.y  tin'  circulating  fluid  in  dag 

Mi  -icn    ..f   ,i    (  oiiipre-.-ioii     Machine.      The     weight     of    t  he    medium 
determined    l>\    i  he  condition   that    ca"h   pound    rnu-i    withdraw 
from    the    l.iinc    tin-    h.  •  hanire    t  he    lii|iiid    medium    in    the 

roinl-  .Mih   a   lu-at    of   liquid    in  cart;  -ai  united    vapor 

at  /,  in  the   vapon/i".  where  tin-  loial  li«-at   of  i-v:iporat  ion  per  II..       // 
heat    withdrawn    per    lh.    INT    min.,    /,      Il  —  ti,   and,    in    i<-«-    made    per    liour, 
tin-  weight  of  thr  medium.  ir       \-\2.2  •  Hi-,  of  !'•••  made  PIT  hour  -:-  fKX  II  -  /,  .1. 
immg    the    compression    to    U-    adial.at  ir.    tlic    al-olute    tempi" 

•  .f  thr   superheated    vapor  leaving  tin-  cylinder,   TH=*T.,(^)       ,  where  T2 

•  •   al.solnte    lemjxTature   (clegs.   F.)   of   t  ho    vapor   in    the   expan- 
•  il-  in  tin;  lirino,  and   ,  -   J>efore  and 

• 

rooljni;  water  reijuired  in  the-  condenser,  W  =  it\  k  ,,('»  —  t})  +  II  —  )i]  lh-.. 

fic    heat    of   the  superheated   vapor  at   constant   pn- 

/*  and  /i  -temperatures   (F.)  of  the  compression  cylinder  and  c-ondenser 
'ively.  and  (//  —  /i)-=heat  of  vaporization  at  the  pressure  j>i  of  con- 

I  lie  II.  I*,  of  the  steam  cylinder  driving  the  compressor 


where  //,  and  7/2  are  the  total  heats  of  vaporization  at  the  prc—  ures  and 
temperature-  in  the  condenser  and  Vaporiser,  respectively.  'J'his  value 
mu-t  U>  inrrea-^d  to  allow  for  heat  and  friction  ] 

'U'X^'"!.  of  1  lh.  of  vapor 

The   volume  of  the  compressor  cylinder  =—  -  -  —  . 

No.  ot  strokes  per  mm. 

Specific  Heats  at  Constant  Pressure  (kp).  Ammonia,  0.508;  car- 
bonic acid.  0.217;  sulphur  dioxide,  0.1544. 

Temperatures  for  Cold  Storage.  Fruits,  vegetables,  eggs,  brewery 
work,  34°  F.  ;  butter,  cheese,  shell  oysters,  33°  ;  dried  fish,  canned  goods, 
35°;  flour,  40°.  The  following  should  be  frozen  at  the  first  temperature 
and  then  maintained  at  the  second:  Butter,  20°,  23°;  poultry,  20°.  30°; 
fresh  fish,  25°,  30°;  tub  oysters,  25°;  fresh  meat,  25°. 

1  1  MATING    AND    VENTILATION. 

Ventilation.  Impurities  in  air  are  due  to  carbonic  acid  and  organic 
particles  exhaled  from  the  lungs,  water  vapor  from  perspiration,  du.-t, 
smoke,  noxious  gases,  etc.  The  measure  of  impurity,  however,  is  taken 
as  the  content  of  carbonic  acid,  which  should  not  exceed  6  to  8  parts  in 
10,000.  Fresh  air  contains  4  parts  (country  air,  3  to  3.5)  in  10,000.  The 
hourly  yield  of  CO2  per  person  is  0.6  cu.  ft.;  consequently  each  1,000  cu. 
ft.  of  fresh  air  can  take  up  at  least  0.2  cu.  ft.  of  C'()2  and  not  exceed  the 
limit  of  6  parts  in  10,000;  hence  3,000  cu.  ft.  of  fresh  air  per  person,  if 
uniformly  diffused,  will  keep  the  respiratory  COj  down  to  that  limit.  It 
ix  further  found  that  the  atmospheric  contents  of  a  room  may  be  changed 
three  times  per  hour  without  causing  inconvenient  draft,  hence  1,000 
cu.  ft.  of  air  space  is  a  proper  provision  per  person.  From  2,000  to  2,500 
cu.  ft.  per  person  per  hour  is  sufficient  tor  auditoriums  used  but  for  two 
or  three  hours  at  a  time.  School-rooms  should  have  at  least  1,800  cu.  ft. 
holar  per  hour,  and  in  hospitals  from  4,000  to  6,000  cu.  ft.  per  patient 
per  hour  should  be  supplied  on  account  of  the  various  unhealthy  excre- 
tion,. 

•  rding  to  Hietschel  (Ing.  Taschenbuch)  the  hourly  supply  of  air  j>er 
capita  in  cubic  feet  should  be  as  follows  Hospitals,  adults,  2,600,  —  chil- 
dren, 1.200;  tthoob,  pupils  under  10  yrs.,  400  to  600,  —  pupils  over  li> 
§00  to  1,000;  auditoriums,  000  to  1,100;  work  rooms.  <*)<)  to  1.10O;  living 
rooms,  l  I,,  2  times  cubic  contents;  kitchens  and  closets,  .'{  to  ."i  time- 
culm 

('ar|KMiter  Mate-  that   the  number  of  changes  of  air  per  hour  should  !*• 
ienre-,      halls,    :i  ;     living    rooms.    2;     sleeping    rooms.    1. 
and    office-,    1st    floor,   2  to  3;    upper    floor-,    J  .."i    to   2.      A--eml.ly 
room.-*.  2  t.. 
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Heating  of  Buildings.  Let  Tr  =  sq.  ft.  of  transmitting  surface,  <i™ 
inside  temperature,  t->  -=  outside  temperature,  both  in  degs.  F.  t  =  t\  — t2, 
k  =  a.  coefficient  representing  for  various  building  materials  the  heat  loss 
by  transmission  per  sij.  ft.  of  surface  in  B.T.U.  per  hour  for  each  degree 
of  difference  of  temperature  on  the  two  sides  of  the  material,  and  //  = 
the  total  heat  t  ratismissioii  =  \\'kt. 

Values  of  k  (Ing.  Taschenbuch). 
Thickness    of    wall    in 

inches 4        8         12     16     20     24     28     32     36     40    48 

AT,  for  brick 0.53    .38     .30   .25   .22   .19   .17    .15   .13   .12 

Do.  sandstone 0.45   .39   .35   .32   .29   .26   .24   .22    .19 

For  limestone  add  10%  to  values  for  sandstone. 

Solid  plaster  partitions:    1.75  to  2.25  in.  thick,  0.6;   2.5  to  3.25  in.,  0.48. 

Floors  joists  with  double  floors,  0.07;  stone  floor  on  arches,  0.2;  planks 
laid  on  earth,  0.16;  planks  on  asphalt,  0.2;  arch  with  air-space,  0.09; 
stones  laid  on  earth,  0.08. 

Ceilings     joists  with  single  floors,  0.1;   arches  with  air-space,  0.14. 

Windows:  single,  1.00;  double,  0.46. 

Skylights:   single,  1.06;  double,  0.48. 

Doors,  0.4. 

The  above  values  should  be  increased  according  to  conditions  as  follows: 
For  rooms  unusually  exposed,  add  5%;  for  N.,  NE.,  E.,  NW.  and  W. 
exposures  and  where  height  of  ceiling  (h)  exceeds  18  ft.,  add  10%;  for 
A  =  13  ft.,  add  3$%;  for  /z  =  15  ft.,  add  6f%. 

For  rooms  heated  daily,  but  not  at  night,  add  .4=0.0625  (N-l)H  +  Z\ 
and  for  rooms  not  heated  every  day,  add  B  =  0.1(8  +  Z)H -s-Z,  where  N  = 
No.  of  hours  between  cessation  of  heating  and  restarting  of  fire,  and  Z  = 
No.  of  hours  from  starting  of  fire  until  rooms  attain  required  temperature. 

In  heating  assembly  rooms  account  must  be  taken  of  the  heat  given 
out  by  audiences  and  illuminants.  A  person  gives  out  about  400  B.T.U. 
per  hour,  an  ordinary  gas-burner  about  4,800  B.T.U.  per  hour,  and  an 
incandescent  electric  lamp  (16  c.  p.)  1,600  B.T.U.  per  hour.  A  gas-burner 
vitiates  the  air  as  much  as  5£  persons. 

B.  T.  U.  per  Hour  required  to  Heat  a  Boom.  (Carpenter.)   No.  of 

B.T.U.  =  (^  +  £+4-)'.  where  n  =  No.   of  changes  of  air  per  hour,  C  = 

cu.  ft.  in  room,  Gr  =  sq.  ft.  of  glass,  TF  =  sq.  ft.  of  wall  surface  exposed 
to  outside  air,  and  t  =  difference  between  inside  and  outside  temperatures  in 
degs.  F. 

Radiation.  Ordinary  bronzed  cast-iron  direct  radiators  give  out 
about  250  B.T.U.  per  hour  per  sq.  ft.  of  radiating  surface,  with  steam 
of  3  to  5  Ibs.  pressure.  Unpainted  radiating  surfaces  of  the  ordinary  in- 
direct type  give  out  about  400  B.T.U.  per  sq.  ft.  per  hour.  For  hot-water 
heating  60%  of  these  values  may  be  taken. 

Hot-air  furnace  walls  transmit  about  500  B.T.U.  per  sq.  ft.  per  hour  if 
the  walls  are  much  extended,  and  about  800  B.T.U.  if  the  surfaces  are 
smooth,  air  temperatures  at  registers  being  from  100°  to  150°  F.  Boilers 
when  coal-fired  will  transmit  2,500  to  4,000  B.T.U.  per  sq.  ft.  of  heating 
surface  per  hour,  and  from  4,000  to  5,000  B.T.U.  when  coke-fired.  Hot- 
air  systems  provided  with  blowers  yield  transmission  values  up  to  2,000 
B.T.U.  per  sq.  ft.  per  hour. 

Approximate  Heating  Values  of  Radiating  Surfaces.  One  square 
foot  of  radiating  surface  will  heat  by  direct  steam  radiation-  Dwellings, 
school-rooms,  offices,  60  to  80  cu.  ft.;  halls,  lofts,  stores,  factories,  75  to 
100  cu.  ft.;  churches,  large  auditoriums,  150  to  200  cu.  ft.  For  direct 
high-temperature  hot-water  heating,  take  S  of  above  values,— for  low- 
temp,  hot-water  heating,  take  ^  of  same.  For  indirect  radiation,  take  $ 
of  the  value  for  direct  radiation. 

Sizes  of  Pipes  for  Steam-Heating.  (Wolff.)  Allow  0.375  sq.  in. 
sectional  area  per  100  sq.  ft.  of  radiating  surface  for  exhaust -steam  heat- 
ing, 0.19  sq.  in.  per  100  sq.  ft.  when  live  steam  is  used,  and  0.09  sq.  in. 
per  100  sq.  ft.  for  returns.  Each  horse-power  of  boiler  capacity  will  sup- 
ply from  80  to  120  sq.  ft.  of  radiating  surface.  ("Steam.")  In  good  hot- 
water  boilers,  the  ratio  between  grate  area,  boiler  heating  surface,  and 
radiating  surface  is  1  :  40  .  200. 
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\\.n.-r  fl  part  H +8  parts  O.) 


I.I.-.  l*>r 

•  •11.   ft. 

Relative 
Vol. 

Degs.  F. 

Lbs.per 
cu.  ft. 

Relative 
Vol. 

32 

r 

60 
62 

7(1 
SO 
90 

62.418 

f.2.41 

62 

•  ;•_•  :<i 
»;_'  -j:i 
62!  13 

1.00011 
1.00000 
1.00025 
1  .  00092 
.00110 
.00197 
.00332 
.00496 

100 
120 
140 
160 
180 
200 
210 
212 

62.02 
61.74 
61.37 
60.98 
80.65 
00.07 
59.82 
59.76 

.00686 
.01138 
.01678 
.02306 
.03023 
.03819 
.04246 
.04332 

For  sea-water,  multiply  above  weights  by  1.026. 
l'r«>v.,nr<>  Equivalents. 

1  ft.  war.T  at  39.1°  F.  (max.  density)  =  62.425  Ibs.  on  the  sq.  ft., 

=  0.4335  Ibs.  on  the  sq.  in. 
=  0.0295  atmosoheres  on  the  sq.  in. 
1  Ib.  on  tho  sq.  ft.  at  39.1°  F.=  0.0 1602  ft.  of  water;   1  Ib.  per  sq.  in.  =  2.307 

ft.  of   water. 

1  atmosphere  (29.922  in.  mercury)  =33.9  ft.  of  water. 
1  ft.  of  water  at  62°  F.  (normal    temp.)  =  62.355  Ibs.  per  sq.  ft. 

=  0.43302  Ibs.  per  sq.  in. 
1  inch  of  wat^r  at  62°  F.  (normal  temp.)  =  0.036085  Ibs.  per  sq.  in. 

Hydrostatic  Pressure.  The  pressure  of  a  liquid  against  any  point  of 
any  "-urfa -e  upon  wiii-h  it  acts  is  always  perpendicular  to  the  surface  at 
that  point,  aii'l.  at  any  given  depth,  is  equal  in  all  directions  and  due  to 
the  wrig'it  of  a  uniform  vertical  column  of  liquid  whose  horizontal  < 

rial  to  the  area  pressed  unon  and  whose  height  is  the  vertical 
distance  from  the  renter  of  gravity  of  the  surface  pressed  to  the  surface 
of  tin-  liquid. 

When  a  liquid  pressure  is  exerted  «>n  one  side  of  a  plane  area,  the  result- 
ant force  exivriencrd   by  the  area  is  perpendicular  to  the  area,  equal  to 
un  of  all  the  MO--UIC-  and  acts  at  a  definite  point  called  the  center 
of  nrr 

ten   or   JV    —  ire  //(      vortical  depth  from  surface  of  liquid! 
Rectangle:  upper  side  parallel  to  liquid  surface  and  distance  '-,  fromamma, 


*i-0.     *- 


Triangle-     base   lying   in    surface   of   liquid,    h=< 
surface,  ba.se  horizontal,  /i=3a-*-4. 


Circle  or  Ellipse .   h  -  a  +  /i,  + 


-0,  h  = 


vertex  in   liquid 
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In  the  al«>ve  //^vertical  height  of  triangle  or  re:  tangle,  radius  of  circle 
or  vertical  semi-axis  of  ellipse. 

Buoyancy.  When  a  body  is  immersed  in  a  liquid  it  is  buoyed  up  by 
a  force  eq:ial  to  the  weight  of  the  liquid  it  displaces  whether  floating  or 
sinking.  This  upward  pressure  may  be  considered  as  acting  at  the  c.  of  g. 
displaced  liquid,  or,  as  it  is  termed,  at  the  center  of  buoyancy,  and 
a  vert  line  drawn  through  the  center  is  called  the  axis  of  flotation.  The 
line  connecting  the  center  of  buoyancy  and  the  c.  of  g.  of  a  floating  body 
at  rest  is  called  the  axis  of  equilibrium  and  is  vertical.  If  an  external 
force  acting  on  the  body  inclines  the  axis  of  equilibrium,  a  vertical  line 
from  the  center  of  buoyancy  intersects  this  axis  at  a  point  called  the  meta- 
center.  The  equilibrium  is  stable,  indifferent,  or  unstable,  according 
as  the  metacenter  is  above,  coincident  with  or  below  the  center  of  buoyancy. 

Head,  Pressure,  and  Velocity  Energy.  The  pressure  of  the  atmos- 
phere balances  the  pressure  of  a  column  of  water  33.9  ft,  high,  and  the 
"head  "of  the  column,  //  =  33.  9-nl  4.696  =  2.307p.  If  a  vertical  gauge- 
tube  be  inserted  in  a  pipe  the  water  will  rise  in  it  to  a  height  propor- 
tional to  the  pressure;  then,  connecting  head  and  pressure  PA=GHA, 
P  =  GH,  and  H  =  P-*-G,  where  P  =  supporting  pressure  in  Ibs.  per  sq.  ft., 
//  =  height  of  column  in  ft.,  G  =  weight  of  1  cu.  ft.  of  water  in  Ibs.,  and  A 
=  area  of  cross-section  of  column  in  sq.  ft. 

Head  and  Velocity.  A  water  particle  (  weight  =  w)  at  height,  //, 
has  a  potential  energy  equal  to  wH,  and  when  it  has  fallen  through  H 

its  kinetic  energy  =  --—.     Neglecting  friction  and  other  losses,  wH  = 


and  v  = 

Any  given  portion  of  water  flowing  steadily  between  two  reservoirs 
which  are  kept  at  a  constant  level  will,  —  neglecting  friction  and  viscosity, 
—  possess  an  unvarying  amount  of  energy  which  may  be  due  to  head, 
pressu-e,  velocity,  or  to  all  three.  If  a  vertical  gauge-tube  be  inserted 
at  any  point  of  the  pipe  connecting  the  reservoirs  the  water  will  rise  in  it 
to  a  level  below  that  of  the  reservoir  from  which  it  flows,  a  portion  of  the 

head  energy  represented  by  the  difference  of  levels  having  become  kinetic, 

p 

and  the  total  head  (Ht}  consists  of  H  due  to  unexpended  fall  +  ^-dueto 

pressure  (as  shown  by  gauge-tube)  +  ^-  due  to  velocity. 

Multiplying  each  by  w  gives  the  respective  energy,   the  energy  of  1  Ib. 

p        «-2 

of  water  being  Ht  =  H  +  -^  +  —  . 
O-      2>g 

By  sufficiently  contracting  the  sectional  area  of  the  pipe  at  some  point 
between  the  reservoirs  the  throttling  so  caused  will  reduce  the  pressure 
below  that  of  the  atmosphere  and  create  a  partial  vacuum.  This  principle 
is  employed  in  jet-pumps  (efficiencies,  30  to  72%). 

Discharge  of  Water  through  Orifices.  If  a  reservoir  is  emptied 
through  an  orifice  near  its  bottom,  the  volume  of  the  water  passing,  Q  = 
velocity  X  area  of  orifice,  and,  neglecting  resistances,  The  Theoretical  Dis- 
charge in  cu.  ft.  per  sec.  q  =  Av  =  8.024  "^H.  On  account  of  resistances 
v  is  reduced,  and,  letting  cj  =  coefficient  of  velocity,  •v  =  8.02ciV//7.  If 
the  reduced  velocity  be  considered  as  due  to  a  loss  of  head,  HT,  a  coeffi- 
cient of  resistance,  p,  may  be  adopted,  Hr  being  taken  as  equal  to  pH\, 
where  HI  is  the  remaining  or  unexpended  head.  H  =  Hl  +  Hr  =  HI  +pHi 


(l+,)//lt    and    t>  =  8.02V        =  8.02'.     Also,    ClH  =      ~,    c,= 

l+P  i+P 

and  p  =  —  —  1.     This  loss  occurs  within   the   vessel   and    orifice. 

p  C\£ 

A  further  loss  is  caused  by  the  contraction  of  the  jet  area  at  a  distance 
from  the  orifice  equal  to  one-half  the  jet  diam.     Let  /;  =  coefficient  of  con- 


_ 

V  7-r-  , 


traction;  then,  Actual  Discharge  incu.ft.  per  sec.,qa  =  civkA  =8.02yfcA  , 

or,  letting  C  =  Cik  =  coefficient  of  discharge,  qa  = 
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\\i-r;ii:i-    Values  of 


•  T  ilices. 

Sharp  rdiri-d. 

Re-entrant 
Cyl. 

pyfindtr. 

Mi-11-rnouthed 

*l- 

j: 

0.97 
0.0628 

(i  c,i 

u  .;_' 

1.00 
0. 
0.53 
0.53 

0.82 
0.487 
1.00 
0.82 

0.99 
0.02 
1.00 
0.99 

M.  ixiir. ni,  ntx  of  \\ ;it«-r-Flo\v  over  Weirs.  Let  a  stream  be  partly 
dammed  :iinl  th«-  water  allowed  to  flow  through  a  rectangular  notch,  or 
weir,  which  i-  U-veled  to  -harp  edges  on  the  intake  side.  To  find  the 
di-'-harirc.  divide  the  head,  //  (or  distance  from  edge  of  notch  to  surface  of 
water),  into  small  portion-.  A,, ami  consider  o:u'h  >mall  rectangle (h\  Xjength 
of  notrh,  /„)  as  a  separate  orifice.  At  any  depth._W,,  v  =  8.02^7Ti  and 
the-  disrharK«'  throutth  the  small  rectangle  =  8.027, v^//,.  Representing  the 
various  discharges  hy  horizf>ntal  lines  of  proportionate  length,  the  figure 
hounding  these  lines  will  be  found  to  be  a  parabola  of  base  =  8.02Lv//A 
and  height  head  //  (the  lines  varying  in  length  as  V//,).  The  total 
theoretical  di-chargp  will  then  be  equal  to  the  area  of  the  parabola,  or, 
1  -  |X8.02L//*  -  5.347LH3.  The  actual  discharge  is  smaller,  being, 
according  to  the  following  authorities: 


Both  end  contractions 
suppressed. 


One  suppressed. 


Full  contraction. 


Francis.   . 


Smith 


3.29L//I 


(L  should  not  be  less  than  3//.) 

For  flow  over  a  sharp-crested   weir    without    lateral  contractions,   air 
being  freely  admitted  behind  the  falling  sheet  of  water, 


ja- 0.425  +  0.21 


where  //t  =  height  in  feet  from  bottom  of  channel  of  approach  to  the  crest 
of  weir  (Bazin). 

In  triangular  notches  -jj  at  any  depth  is  constant  and  therefore  C  is 
regular  and  may  be  taken  as  0.617. 
«•-  ACAJ/iv^-i^L/fl.      For  a  90°  notch.  7,  =  2/7  and  q  -2.64775; 


'.O0  notch,  L  =  1.15577  and  <?<,  =  1.5247/5. 
Th,  ll,,rs,.-|.«wer  of  a  Stream  -  «"  X  G  X  H  ( 


height  °f 


oil.     . 

Friction    in  Pipes   i-  independent  of  the  pressure  but  is  proportional 
to  the   wetted  Mirtace.     F,,x Av2  —  fiAv2,  at  moderate  velocities,  and.    as 

1.03G-20,  Fn  -1.03/rf; 

If  a  cylindrical  body  of  water  (length  L,  diam.  D)  move  at  a  velocity, 

»,  through  the  pipe.  Fn  per  sq.  ft.   of  sectional  area -1.03 jag,  »P^2  •  gr 

O.Zo-r.D-     2g 


-  4.  1  2^XGX^.and,aa/7  = 


,  the  Head  Lost  in  Friction  =  4.1  L'          '- 
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/•  =  0.004  for  clean,  varnished  surfaces,  0.0075  to  0.01  for  pipes,  anil  0.009 
for  surfaces  of  the  roughness  of  sand-paper. 

Wm.  Cox's  formula:  Friction  Head  =  L  (4v2 -f  5v  —  2)-*-l,OOOd,  where  d  = 
diam.  in  in.  (Pelton  Water  Wheel  Co.). 

Flow  of  Water  through  Pipes.  v  =  CR$S*.  (Tutton.)  R  (hydraulic 
radius)  =  sectional  area -H wetted  perimeter,  =Z>-=-4  for  round  pipes  when 
full  or  half -full;  S  (slope)  =  Head -5- length  of  pipe  =  sine  of  angle  of  incli- 
nation of  pipe.  Values  of  C  for  various  materials:  W.  I.  pipe,  160;  new 
('.  I.  pipe,  130;  used.C.  I.  pipe,  104;  lap-riveted  pipe,  115;  W.  I.,  asphalted, 
170;  wood-stave  pipe,  125;  rough,  pitted  pipe,  30  to  80;  brick  conduits, 
110. 

Flow  of  Water  in  Open  Channels.     (Kutter.) 


where  S  =  fall  of  water  surface  in  any  distance  -5-  said  distance  =  sine  of 
slope;  C  =  coefficient  depending  on  the  character  of  the  channel  surface, 
and  having  the  following  values:  planed  boards,  0.009;  neat  cement,  0.01; 
plaster  (75%  cement),  0.011;  rough  boards,  0.012;  ashlar  or  brick-work, 
0.013;  rubble  masonry,  0.017;  canals,  firm  gravel,  0.02;  canals  and  rivers 
in  good  condition,  fairly  uniform  section,  free  from  stones  and  weeds, 
0.025;  same,  but  with  occasional  stones  and  weeds,  0.03;  same,  in  bad 
condition,  many  stones  and  weeds,  0.035;  torrents  encumbered  with 
detritus,  0.05. 

Tutton's  formula  for  pipes  may  also  be  used  as  herewith  modified,  where 

C  has  the  values  given  for  Kutter's  formula:    v=l~ 

Hydraulic  Gradient.  Water  being  discharged  from  a  reservoir 
through  a  pipe  of  uniform  diameter,  the  net  head  at  any  point  may  be 
found  by  applying  a  pressure  gauge  which  will  show  a  loss  from  total 

head  due  to  velocity,  ~ — Moss  due  to  friction.     The  friction  loss  varying 

directly  as  the  distance  from  reservoir,  a  straight  line  bounds  the  heights 
of  the  various  water  columns  in  the  gauges  and  is  called  the  line  of  virtual 
slope,  or  hydraulic  gradient.  No  part  of  a  pipe  should  be  above  this 
line,  as  the  pressure  would  then  be  less  than  that  of  the  atmosphere  and 
the  water  would  tend  to  separate. 

Loss  by  Eddies  and  Shock.  Bends,  elbows,  valves,  and  cocks  pro- 
duce frictional  resistances  to  flow  in  systems  of  piping,  which  are  com- 
puted in  terms  of  the  head  and  are  to  be  added  to  the  resistance  of  the 
pipe  in  order  to  obtain  the  final  discharge. 

Water  discharged  into  a  basin  delivers  all  of  its  energy  as  shock,  but 
whenever  a  sudden  change  of  velocity  takes  place  eddies  are  formed  which 
absorb  energy.  When  an  abrupt  contraction  takes  place,  as  from  a  large 
pipe  to  a  smaller  one,  the  loss  of  head  =0.3vo2-=-2gr,  and  for  a  sudden  enlarge- 
ment of  sectional  area,  loss  of  head  =  (t?i  —  v2)2  +  2g,  where  v\  and  v2  are 
respectively  the  velocities  in  the  first  and  second  pipes.  0%. 

Angles  and  Elbows.  Loss  of  head  =  cy2 -e- 2g.  Let  0  =  number  of 
degrees  of  the  angle  through  which  the  direction  of  flow  is  deviated;  then, 
for  £=  20  40  60  80  90  100  120  140 

c=  0.046     0.139       0.364        0.74       0.985        1.26         1.861       2.431 

Bends.     Loss  of  head  =  c  .  y^  .  -£- .     c  depends  on  the  ratio  of  the  radius 
of  the  pipe  (0.5D)  to  the  radius  of  curvature  of  the  bend  (R). 
0.5D  +  R=    0.1       0.2       0.3       0.4       0.5       0.6       0.7       0.8       0.9      1.00 
c=  0.131    0.138   0.158  0.206  0.294    0.44    0.661   0.977    1.408    1.978 
Gate- Valves.     Loss  of  head  due  to  partial  opening  =  cv2-i-  2g. 
Opening^    i  i  f  *  f  *  f 

c=   98          17       5.52     2.06     0.81     0.26     0.07 
Cocks.     Loss  of  head=ct72-5-20. 

Opening=    ******* 
c=  222      52.6     21.1      7.8       2.8      0.92      0.2 
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»\    V  I  IK      \\  II!    ELS, 


r  •  on  \  .!• 


momentum      —  /.  and.  a."  f-*v  +  tt 

fl 

<•-.  impul-e  exerted)  «=  iimriKsituri: 
u.-ik'l  •  •  •     • 

n-    nil 
ll\p«l  ity    being    0).      P-icv  +  g- 


of  tn  /'  --pre« 

I   I. il     I'l.M.     Mo\  Jim    ill    the   l)ire«  lion  of  Jel.      Vcl.    of  plate       r.. 

••«  i >er  nec.-(?X(r!  -»•_.).     /'-difference 
•     impact,     —[GA(vi  —  v2)v\  +Q}  —  [GA(v\  —  t^rj-s-cr]-* 
:-&- 
Mo\  inu:  Hemlnpberlca]  Snrfa<  e  or  Cup.      Relative  velocity  of  j. 

nip    when    meet  inn      r\      /•..   (forward  i,   and    when    leaving,    =t?i— t^   (1 
..iitlv,     the     ati-olnte     di-<'|iarj;e     Velocity  — CUD     vel'" 

•  vy~  (v\~ Vy)*=2v2  —  Vj,      whence,      P  = 

Cf  A(  V|        t>| /P|         CF^  (Vl  """  t^j)(*t>2  ~"  f  |  )        ^O^(  V|  ""  t?2/  Tr  .    o     A  i-          t- 

— .     It  »2==fi"5"-,  the  aoso- 
000 
lute  veloiity  of  rejection  =0,  and  all  of  the  jet  energy  is  exerted  on  the 

cup 

\Vheel\vith   Kadlal  Vanes,     a  vane  being  constantly  bef< 
Momentum    In-fore    impact,   =(GAvi)vi  +  g;    after,   —  (" 


\\fn-ci  \\ith  >Iany  Curved  Vanes:  momentum  before  impact  = 
GAv^  +  g\  after.  =GAvi(2v2  —  v^  +  g,  .'.  P  =  2GAv}(v\—vS)  +  g,  or  twice 
that  of  fl.-it  radi-i!  vanes.  In  tin-  rasp  arid  that  01  the  hemispherical  cup 
the  dirfction  of  i!ie  jet  water  is  returned  upon  itself. 

Undershot  Whorls  are  suitable  for    falls  less  than  6  feet.     Diameter 

maybe4Xfall.      KfhVipm-y.    with  radial  floats  or  vanes,  30%;   wit h  curved 

about  65%.     Circumferential  velocity  =  55%  of  the  velocity  duo  to 

the    Moat>    are    never   filled    with    water,    the    action 

:it-f   iinpul.xp.  and    if   the   floats   are   [>roperly  curved    tfie  water 

i»ck  and  leaves  without  horizontal  velocity.      Construction 

of   Ho.  28):     From   the  center  of  wheel  draw  OA    vecticallv 

and   make  AOB=15°.     Let  the  jet   (of  thickness  C,    =|Xhead)  have  a 

of  1  in  10.     From  the  middle  of  jet,  D,  draw  DE  so  that  ODE  =  23°. 

Take  />£  =  0.5  to  O.TXhead,  and  from  E  strike  the  arc  DF,  which  is  the 

curve  for  the  Poncelet  form  of  undershot  wheel. 


10'to  15* 


Fig.  23. 


U  heels    ire  usod  for  falls  from  6  to  12  feet.     Efficiency  from 
to  65%.      Vanes  curved  similarly  to  those  of  Poncelet  wheel. 


TURBINES.  Ill 

Overshot  Wheels  are  used  for  falls  ranging  from  12  to  70  feet.  Effi- 
ciency, 70  to  75%.  Best  circumferential  velocity  =  6  ft.  per  s;ec.  =  one-half 
the  velocity  of  the  water  due  to  a  fall  of  2.25  ft.;  consequently,  point  at 
which  water  strikes  wheel  should  be  2.25  ft.  below  the  top  water  level. 
Construction  of  float  curve  (Fig.  24):  make  ED  =  AB  +  3,  and  BC=  1.2AB. 
Draw  CO  10°  to  15°  to  radius.  From  O  strike  the  arc  FC,  F  being  near 
to  D,  and  round  the  arc  curve  into  radial  line  DE. 

The  Pelton  Wheel  is  used  for  heads  exceeding  200  feet.  In  it  the 
water  in  the  form  of  a  jet  impinges  on  a  series  of  cup-shaped  buc  kets  affixed 
to  the  wheel  circumference,  to  which  latter  the  direction  of  jet  is  tangential. 
These  cups  are  made  double,  with  a  center  fin  which  splits  the  jet  and 
returns  the  water  on  the  sides,  the  discharge  being  effected  with  but  little 
velocity.  Efficiency,  from  80  to  90%.  Bucket  velocity  should  be  one- 
half  jet  velocity. 

TURBINES. 

Turbines  are  water  wheels  in  which  the  motion  is  caused  by  the  reaction 
of  the  water  pressure  between  stationary  guide  blades  and  the  vanes  or 
floats  of  the  wheel.  The  water  flow  may  be  axial  or  radial  (inward  or 
outward)  in  direction,  and  it  should  be  so  deviated  that  it  enters  the  wheel 
floats  as  nearly  at  a  tangent  as  possible,  and  leaves  either  radially  or  in  a 
direction  parallel  to  the  axis  as  the  case  may  be. 

Radial  Outward-Flow  Turbines  (Fourneyron  type).  Q  =  cu.  ft.  water 
passing  per  sec.  under  a  head  of  H  feet.  Inner  radius  Ri=0.326'^Q; 
oi-.ter  radius  ft  =  cft,,  where  c=1.25  to  1.5.  Angle  of  guide  at  entrance 
a  =  15°  to  30°.  Angle  of  bucket  at  same  point,  ,3  =  2a  +  20°  to  30°.  The 


velocity  of  wheel  at  fti  =vi  =  A/ 

f    * 


2  sin  £ 


sin  (j—a) 

(If  «  =  15°,  £  =  600,  c  =  1.5,  v1  =  4.84V/I/.) 

Velocity  at  ft  =  v  =  cr, ;  r.p.m.  =  60t;-^2^ 

Velocity  through  guide  passages,  v2  =  t>i  sin  /?-j-sin(«  — ;?).  Area  of  cross- 
section  of  all  openings  =  Q  -r-  ?-o  =  A  =  Q  sin(«  —  ,3)  -5- rj  sin  /?. 

If  D  =  depth  and  5  =  width  of  a  bucket,  -D-*-Z?  =  A  =  2  to  5,  inversely 
according  to  the  head  of  water.  Thickness  of  metal  floats,  T  =  0.015ft. 

.     Number  of  guides,  ATj  =IA.  -i-Z>2.    No. 


of    wheel    buckets,    N  =  N\  sin  £  -f-  sin  or.     Angle    of    discharge,    d:     sin  8  = 
(Ai  +  NTD)-r-2xRD,  where  ^i=area  of  discharge  openings. 

Curvature  of  floats  (Fig.  25):    Draw  CAB  =  3,  drop  CB  perpendicular  to 
AB.     AD  =  AE  =  B  +  2.     Set  off  BF  and   BG  =  AD.     From  F  strike  the 


arc  HD.  Draw  DK  =  CL,  making  BDK  =  180°  -.3,  and  join  CK.  Bisect 
CK  at  M  and  draw  the  perpendicular  MN.  Draw  arc  DL  from  N  as  a. 
center.  Draw  PL  and  CP,  each  inclined  to  CL  by  «°.  From  P  as  a 
center  strike  the  arc  RL  of  guide  blade.  Inward-flow  turbines  are  designed 
similarlv,  but  in  an  inverse  manner. 

Axial  or  Parallel-Flow  Turbines  (Jonval  type).  The  guide  blades 
in  this  type  are  arranged  in  the  form  of  a  ring  above  the  wheel  vanes,  the 
water  flowing  parallel  to  the  axis.  These  wheels  work  best  when  sub- 
merged in  the  tail-race  or  connected  thereto  by  a  draft-tube  whereby  the 
suction  of  the  latter  may  be  availed  of.  a  =15°  to  25°,  /?  =  100°  to  120°. 
Velocity,  r,  same  as  velocity  vt  of  the  Fourneyron  wheel  where  c=l.  Veloc- 
ity of  entering  water  =  vj  =  v  sin  ,3-:-sin(..9—  a).  Total  sectional  area  of  en- 
trances between  guides,  A  =Q  +  v\;  total  discharge  area,  A^  =Q  +  v.  Mean 
radius,  R±(Ri  +  R2}  +  2;  radial  width  of  operative  ring  of  wheel,  D  = 
ft2  -  ft,  =  0.4ft,  and  fti=  0.8ft;  R2=l.2R.  l  =  D  +  B  =  2to4. 

R,  approx^l/r-^-A  —  ;    T  =  0.02ft.      No.  of   guides,    ^  =  (A  +  BD)  + 

0.8r  sin  a 

(IA+D*);     No.  of  flnats,  N  =  N,  sin  ,9-Hsinrt.    Sin  3  =  (Al 
R.p.m.  =  9.55v  -*-  ft.    TIeight  of  wheel  =  (0.5  to  0.6)ft. 

Curvature  of  floats  (Fig.  26):  Both  the  guides  and  float-  arc  warped 
surfaces  generated  by  a  line  at  right  angles  to  the  axis,  whose  outer  end 
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1  It  inclined  to  the  plane  of 
by  a°,  and  similarly  DC  at  J°.      Draw  BF  i»erp.  to  AB.     From  F  as  n 


Fig.  25. 


Fig.  26. 


ter,  strike  the  arc  BE.     Draw  DG  perp.  to  DC,  make  angles  GDA 

(0  +  i)  +  2,  and  from  intersection  G,  as  a  center,  draw  arc  DA.     The  lower 

>f  guide  an<l  float  (.!#  and  CD)  are  straight  lin<--. 

Impulse  Turbines  ((lirard  type)  are  parallel-flow  wheels  with  the 
wheel  0  enlarged  toward  the  outlet  and  ventilated  that  thev 

are  never  entirely  filled  with  water,  the  energy  being  purely  due  to  velocity. 
They  are  regulated  by  entirely  closing  a  number  of  the  guide  passages, 
the  efficiency  (60  to  80%)  being  therefore  unimpaired  by  fractional  open- 

Modern  Practice.  (From  articles  by  J.  W.  Thur-o  in  K.  V.  Dec..  '02.) 
1  or  head-  lo><  than  20  ft.,  use  radial-inflow  reaction  (Francis)  turbines  with 
vertical  shafts;  for  heads  of  20  to  300  ft.,  the  same,  but  with  horizontal 
shafts;  for  heads  exceeding  300  ft.,  use  radial,  outward-flow,  free-devia- 
tion turbines  with  horizontal  shafts,  or  Pelton  wheels. 

Parallel-flow  turbines  are  now  largely  abandoned  on  account  of  their 
poor  regulating  qualities.  Free  deviation  may  be  obtained  with  an  effi- 
ciency of  70%  at  0.2  gate,  and  80%  at  full  gate;  reaction  turbines  with 
60%  efficiency  at  0.2  gate  and  78%  at  full  gate.  (Highest  eff.,  80% 
between  0.8  and  0.9  gate.) 

Reaction  wheels  are  either  regulated  by  making  the  guide-  vanes  mov- 
able, s«>  that  thp  openings  may  l»e  reduced  according  to  load  and  without 
materially  altering  the  direction  <>f  flow,  or.  the  guide  and  wheel  vanes  are 
divided  by  i-rowns  into  three  or  niore  BUperpoaed  turbines,  any  number 
of  which  may  U>  shut  off  by  a  cylindrical  Kate  according  t«>  load,  allowing 
in  operation  to  work  at  full  gate  and  at  the  correspondingly  higher 
efficiency. 

Free-deviation  turbines  to  attain  high  efficiencies  must  work  in  the  free 
air,  and.   in   order  to  obtain  the  advantages  of  draft  -tubes,  they  must    be 
supplied    with    air-valves   which    will   automatically   keep   the    water-level 
i  nd  Hear  of  the  wheel. 

I)r;ift-Tiibi's.  The  use  of  draft  -tube>  permit*  turbines  to  U>  mounted 
on  horizontal  -haft-  and  also  to  !>e  set  above  the  tail-water  without  1<-- 
•  if  a  part  of  the  head.  The  hanging  water-column  in  the  draft-tube  is  hal 

by  atmospheric   pressure  and   could    theoretically  attain   a  height  of 
34  ft.  if  the  water  were  at  rest,  —  but,  with  the  water  in  motion,  it  cannot 


exceed 


~          ft-.  where  »  =  velocity  of  water  in  ft.    per  sec.     When 
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leaving  the  dcaft-tube  v  should  not  be  less  than  2  ft  per  see.  when  starting 
at  full  capacity,  not  less  than  3  ft.  per  sec.  for  variable  loads  over  half 
capacity,  and  from  4  to  6  ft  pe-  sec.  for  widely  fluctuating  loads  at  times 
of  small  capacity.  The  absolute  velocity  of  the  water  issuing  from  wheel 
in  ft.  per  sec.,  v1=c'*/2gH,  where  e  =  0  285  for  large  turbines  and  low  leads 
(10  ft.),  0.2  for  medium  turbines  and  heads  (100  ft.),  and  0.167  for  small 
turbines  and  high  heads  (500  ft  )  //  =  total  head  in  feet. 

When  H  =  10  ft.,  Vi  =  7.23  ft  per  sec  The  head.  h}  (due  to  velocity  »,)  = 
7.232H- 20  =  0.8 12  ft.  Let  v  be  the  velocity  at  which  water  leaves  the 
draft-tube  =  3  ft.;  the  corresponding  velocity  head.  h  =  32  +  20  =  0.14  ft.; 
the  gain  in  head  by  using  draft-tube  =  ^i  -h  =  0.812  -0.14  =  0.672  ft.,  or 
6.72%  of  H.  75%  of  this  gain  should  be  realized  in  practice. 

Under  average  conditions,  the  greatest  draft  head,  H  permissible  for 
various  diameters  D  of  draft-tubes  is  as  follows  D  =  0.5  ft.,  //  =  32.5  ft.; 
7>  =  8  ft.,  #  =  14.5  ft.;  £  =  9  ft.,  H  =  \Z  ft..  D  =  13  ft..  H  =  10  ft.  From 

the^e  heads  should  be  deducted  h(  =9")  due  to  velocity,  v.  of  water  leav- 


ing tube.  Short  draft-tubes  of  small  diam.  should  extend  from  6  to  12  in. 
below  surface  of  tail-water, — long  tubes  of  large  diam.  from  20  to  24  in. 
below.  Tubes  should  have  a  gradual  taper,  enlarging  towards  the  tail- 
water,  in  order  to  reduce  the  velocity  of  the  discharge  and  to  thus  avoid 
shock. 

The  H.  P.  of  a  Water  Wheel  =GqHri  H- 550,  where  ^efficiency  of 
wheel.  As  the  water  has  no  forward  momentum  on  leaving  the  turbine 
(or  on  entering  a  centrifugal  pump),  each  Ib.  undergoes  a  change  of  momen- 
tum =  v-j-0,  where  v  is  the  forward  component  of  the  entering  velocity 
(leaving  vel.  for  centrifugal  pump).  Let  vj  =  velocity  of  wheel-rim;  then, 
useful  work  per  Ib.  water  =  (w\-r-g)  ft.-lbs.  per  sec.  =jj//. 

High-Efficiency  Turbines.  Samson  (Leffel)  and  McCormick  (S. 
Morgan  Smith  &  Co.)  turbines  tested  at  the  Holyoke  flume  under  heads 
of  about  15  ft.  show  efficiencies  of  over  80%  at  full  and  |  gate,  and  a 
maximum  of  about  85%  at  i  gate. 

.Losses  in  Turbines.  Surface  friction  and  eddying,  10  to  14%;  energy 
rejected  into  tail-race,  3  to  7%;  shaft  friction,  2  to  3%. 

PUMPS. 

Centrifugal  Pumps  are  reversed  turbines  in  which  the  application  of 
mechanical  power  to  the  wheel  transforms  velocity  into  pressure  and  ele- 
vates water  to  the  same  height  (neglecting  losses)  as  the  head  would  be 
for  a  turbine  running  at  the  same  speed.  A  single-stage  pump  (one  wheel) 
will  raise  water  by  suction  up  to  27  ft.,  and,  acting  as  a  force  pump,  lift  it 
up  to  100  ft.  For  higher  lifts  multi-stage  pumps,  or  several  single  pumps 
on  the  same  shaft  and  connected  in  series,  are  used. 

The  theoretical  head  Hi  is  the  total  height  through  which  the  water  is 
lifted  plus  the  velocity  head  (i'<r/20)  in  the  delivery  pipe.  The  gross  lift 
of  a  pump  (//)  equals  the  actual  height  of  lift -(-head  lost  in  the  suction 
pipe  +  head  lost  in  delivery  pipe -I- velocity  head  in  delivery  pipe.  H<H\ 
and  the  ratio  H/H\  =  e  is  called  the  manometric  efficiency.  e  =  gH/[v\2  — 
v  cot  «  (q/Ai)]  in  which  0  =  32.16;  v\  =  peripheral  velocity  at  outer  circum- 
ference of  wheel,  ft.  per  sec.;  a  =  angle  that  tangent  to  the  blade  at  the 
outer  circumference  makes  with  the  tangent  to  the  wheel  at  that  point 
(from  10°  to  90°);  q-=flow  in  cu.  ft.  per  sec.;  4i  =  area  of  outer  circum- 
ference of  wheel  in  sq.  ft.  (so  that  g/Ai  —  ui,  or  radial  velocity  of  water  in 
wheel  at  outer  circumference).  With  radial  blades  and  a  close  circular 
casing  e  =  0.3  to  0.4;  with  a  vortex  chamber  radially  equal  to  radius  of 
wheel  wherein  the  kinetic  energy  due  to  velocity  may  be  largely  converted 
into  pressure  energy,  or  a  spiral  casing  increasing  in  sectional  area  from  0 
to  that  of  delivery  pipe  in  360°,  and  the  blades  inclined  at  inlet  so  that  the 
tips  are  parallel  to  the  relative  velocity  of  water  and  blade,  and  ccj<900f 
«=0.5  to  0.75  (the  greater  as  a  is  less);  with  properly  designed  fixed  guide 
blades  exterior  to  wheel,  e=0.6  to  0.85.  Generally,  the  velocity  in  t'.ie 
suction  and  delivery  pipes  is  equal  to  the  radial  velocity  ui(  4  to  7  ft.  per 
sec.  in  low-pressure  pumps,  6.5  to  10  ft.  in  high-pressure  pumps,  average, 
5  to  6  ft.).  Inner  diameter  of  wheel  with  water  admitted  at  both  sides  = 
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d-y  Vrjsmui.    outer  diam.  — Z)=-2<f,  generally.     Width  of  blades  nt  outlet 

an. i    inlet    re*p.     <i  ndu\  :ui«l  </  itl)u\.     If  the  water  moves  radially  toward 

•    •    .    ;.    lination  0  ol  blade  to  tangent  al  inlel   circumference 

such    th:it    t-ii,   ft       >/,      .    wli.  KJlty   of 

ncc  of   \Oieel.      If  exterior  K  ;  'in-   in- 

,011  Y  .if  tip  of  bhde  with  directi.,',  .  in-1  frum  tan  y  =  ui/yi. 

thi-  blade*  .-in-  .-niAed  in.in  the  inl.-t  outward  m  :i  direction  op] 

•  in-  c.-ipncity   incr-  M  head 

;,      ,      ,          ,,,|         ...-.•.  .,,.,,   the  i..  .  [«•-  are  curve  i   ;n   in.-  same  direc- 

cs  directly  as  the 
A!I. MI  tin-  blades  :irc  radial  <    oc    =-90°)  a  variable  capacity  can  bo 

B  r<>n-t  nit   hc.-i.l   isj 1  remaining  constant;.      Peripheral 

i  t.»  -JMII  tt.  per  sec.     No.  of  blades,  6  to  IL',  or 
'! "ni.-knes.-,  of  blades,  cast   iron,  0.25  to  0.4  in.;    bronze  or  cast 
(» .12  to  0.2  in. 

.••/i;>/r.  -//  -(>!)  ft.;    7=»10  cu.  ft.  per  sec.;    e  =  0.8;    i'i  =  64  ft.  per  sec.; 
and  ui-G  ft.  per  sec.     Then  a  (by  first  formula)  =  12.84°;    d=  1 .03  ft.  ami 
D-2.06  ft.;    r.p.m.-594;    v-32  ft.  per  sec.,  whence  tan  0  =  6/32  =  0.1^7.', 
and  /3- 10.62°;    tan  y  =  6/64 -0.0937.  and  y  =  5.35°.     H.P.  =  62.o  ,tll 
in  which  ij^actu  >,f  the  pump,  ranging  from  0.5  to  0.85;  in  the 

UIIK  exainp!,-  H.I'.  »;_'.;,  <  10  X60/550  X0.8  (say)  =  85.2.  Speed  at 
which  pump  begin*  to  lift  isol.taine.l  from  w-(D2-cP)  =8fl'//,  in  which  «*  = 
nngu:  :u  ra<li:ms  per  sec.,  whence  w  (in  example)  =69.6,  anJ 

r.p.m.  =  69.6  X60/2w  =  665,  which  is  considerably  higher  than  that  required 
when  in  (594  r.p.rn.). 

Empirical  Formulas. — From  a  study  of  the  proportions  qf_a  large  number 
of  pumps  of  various  makes  the  author  finds  that  v\  =  K.y  H,  in  which  K  = 
7.2  for  high  head,  high  efficiency  pumps  (  =  9  for  medium  heads;;  D  (in 

ft.)-2.3VV»  //. 

I'l.rVGER    PI  >IP<    AM)    IM^IPIXG    ENGINES. 

Quantity  of  "\Vater  Pumped.     Q  (in  cu.  ft.  per  min.)   =0  00545 \'<l~; 

min.)  =  0.040766  Yd2,  where  V  =  speed  of  plunger  in  ft.  per  min. 

<ii am.   of  iiiuneer  in  in.      V  ranges  from   100  to  1^00  ft.   r>er  mh., 

e<l  engines  may  rea^h  250  ft.  if  the  waterways  are  ample 

and    t'  r-    v.ater   is    not   abrut>tly  deflected.     Loss    by    leakage     and    slip 

9  from  5%  for  new,  well-packed  pumps  to  40%  for  worn  and  badly 

'!.  '*    !:--i,nin-d  to  Raise  Water  a  Given  Height,  H.     (Theoretical.) 

II .!>.      <,)U  or,    as    1    ft.     //  -=2.3    Ih.    pressure,    p, 

HP      Qp  •*•  229.2  =  Qip-s- 1.714.5.     Theoretical  lift  for  normal  temperatures 

—  34  ft.     When  the  temperature  of  the  water  increases,  the  pressure  of  the 

wate-  vaMor  decrease*  the  theoretical  lift,  whi'-h  at   150°  F.  =  25.7  ft.,  at 

-')J°   P\  =  7.2  ft.     Hot    water  should  therefore 

imn  by  gravity. 

Air-Chambers.     Even  flow  and  smooth  running  are  obtained  by  the 

U0e  o"  rs,  where  the  imprint  of  the  wafer  is  received  and  given 

>n   t  ie  delivery  -i'.lo  tl  ese  should  be  from  3  to  6  times 

~ide  from  2  to  3  times  the  capacity. 

II  ich-I>-'ty  Pumping  Engines.     Small  pumps  are  either  driven  from 
-     i.e..  Jrivii'i-  ylinder  in  which 

\XD   \~   ii-^d   througl'out  the  stroke.     In  large, 
(team  i<  u~ed  expansively. 

In  t'ic   Worthington  high-duty  engines  comnensating  cylinders  are  em- 

pjoved  i'i  order  t<>  equalize  the  driving  force.      These  cylinders  rook  on  trun- 

•"d  tf>  an  accumulator  under  a  water  pressure  of  about 

200  lb  in.,  and   have  their  plnnpers  pivoted   to  the  pump-rod. 

i^rangnment    offers   a   resistance    to    the   steam    pressure    during   the 

•  •'  the  stroke,  receiving  energy  during  the  period  of  full  steam 

I  giving  it  out  later  when  the  pressure  falls  through  expansion, 

i'itf  a  faHv  ev  -n  effective  pressure  throughout  the  stroke 
Duty.      The  "1.1  rne-isuro  of  fumping-engine  i>erformanee  was  the  number 
of  ft.-lb.«.  of  work  done  j>er  100  Ibs.  of  coal  consumed.     In  1891  the  A.  S.  M.  E 
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committee  recommended  that  it  be  changed  to  the  number  of  ft.-lbs.  of 

;>er  million  heat  units  furnished  to  the  boiler  (  =  109  Ibs.  coal  where 

Ib.   imparts   10,000  heat   units,   or  where   the  evaporation   from  and 

;,,     >i-2°  F.  =  10.355  Ibs.  water  per  Ib.  of  fuel).     It  is  customary  now  to 

-;.i.e  the  duty  in  terms  of  the  number  of  ft.-lbs.  of  work  per  1,000  Ibs. 

\r,i  used. 

Performance  of  a  Modern  Pumping  Plant.  The  following  data  are 
;  tkcii  from  a  24-hour  duty  trial  of  one  of  the  units  of  the  Central  Park  Ave. 
Dumping  plant  in  Chicago  (E.  N.,  5-26-04),  and  will  serve  as  an  illustra- 
tion of  high-grade  installations. 

Throe  Worthington  high-duty,  triple-expansion  engines  make  up  the 
plane,  each  with  a  rated  capacity  of  20,000,000  gals,  per  24  hours  against 
150  ft.  head  Cylinders  are  21,  33,  and  60  in.  in  diam.,  50  in.  stroke, 
.•^t>:im-jacketed  all  over.  Superheated  steam  is  used  which  is  supplied 
!iy  six  225  H.P.  Scotch  marine  boilers,  each  with  two  4(J  in.  corrugated 
Mo  i son  furnaces  and  140  2£  in.  tubes.  Boilers  are  10  ft.  in  diam.  and 
!2  ft.  long,  fitted  with  Hawley  down-draft  furnaces. 

Steam  pressure  at  throttle,  h.p.  and  i.p.  jackets  and  reheater  coils, 
114.45  Ibs.;  at  I.p.  jacket,  10.13  Ibs.  Vacuum  in  exhaust,  near  I.p.  cyl.  = 
25.98  in.  of  mercury,  barometer,  14.45  Ibs.  (The  weights  of  piston^,  plungers, 
etc.,  are  exactly  balanced  by  a  water  pressure  of  78.97  Ibs.)  Delivery 
pressure  of  water  =  52.23  Ibs.  =  120.65  ft.  head.  Height  of  delivery 
gauge  above  water  =  32.24  ft.  /.  Total  head  =  152. 89  ft.  Temp,  of 
water  =  72°  F  ,  temp,  of  feed  -water  =  102.18°  F.,  temp,  of  steam  at  throttle  = 
516.91°  F.  (superheated  154°)  Total  steam  used  in  cylinders  =  143,734 
Ibs.  Steam  used  in  jackets  and  reheater,  16,400  Ibs.  Total  steam  used, 
160,134  Ibs.  Dry  coal  burnt  to  evaporate  total  steam,  18,534  ibs.  R.p.m., 
19.33.  Piston  speed,  159.74  ft.  per  min.  Stroke,  49.587  in.  Plunger 
displacement  (24  hrs.),  22,086,318  gals.  =  2,952,400  cu.  ft.  =  183,934,538  Ibs. 
Allowance  for  leakage  and  slip,  0.5%.  Net  work  (24  hrs.),  27,981,142.800 
ft.-lbs.  Net  delivered  H.P  =588.82.  I.H.P.  =  660.9.  Efficiency.  89.15%. 
Steam  per  I.H.P.  per  hr.,  10.01  Ib.;  do.,  per  net  delivered  H.P  ,  11.32  Jb. 
Dry  coal  per  I.H.P.  per  hr.,  1.42  Ib.;  do.,  per  net  delivered  H.P.,  1.58  Ib. 
Combustible  per  I.H.P.  per  hr.,  1.07  Ib. ;  do.,  per  net  delivered  II. P.,  1.2  Ib. 
Duty:  per  1,000  Ibs.  steam  =  174,735,801  ft.-lbs.  Duty  per  100  Ibs.  coal  = 
150 ,97 1,958  ft. -Ibs. 

Boilers  Fuel,  Maryland  Smokeless  coal.  Upper  grate  surface,  35  sq.  ft. 
Water  heating  surface,  1,402  sq.  ft.  Superheating  surface:  internal, 
180  sq.  ft.,  external,  375  sq.  ft.  Total  coal  burnt,  22,779  Ibs.  Per  cent 
moisture,  0.88.  Total  dry  coal,  22,519  Ibs.  Per  cent  ash  and  refuse, 
8.17.  Total  water  fed  to  boiler,  195,153  Ibs.  Factor  of  evaporation 
(including  superheat),  1.166.  Equivalent  water  evaporated  into  super- 
heated steam  from  and  at  212°,  227,548  Ibs.  Dry  coal  per  hour  per  sq.  ft. 
of  upper  grate  surface,  26.87  Ibs.  Equivalent  evaporation  from  and  at 
212°  per  sq.  ft.  of  heating  surface,  6.7  Ibs.  Average  steam  pressure, 
154.22  Ibs.  Temp,  of  feed-water  entering  purifier,  177.26°  F.  Temp, 
of  escaping  gases,  459°  F.  Degrees  of  superheat,  162.  H.P.  developed, 
275.  Actual  water  evaporated  per  Ib.  of  coal  fired,  8.567  Ibs.  Equivalent 
evaporation  from  and  at  212°  F.:  of  coal  fired,  10.077  Ibs.;  of  dry  coal, 
10.11  Ibs.;  of  combustible,  10.97  Ibs.  Calorific  value  of  dry  coal  per  Ib., 
14,213  B.T.U.;  do.  of  combustible,  15,634  B.T.U.  Efficiency  of  boiler 
(ba^ed  on  combustible),  67.76%;  do.,  including  grate  (based  on  dry  coal), 
64.52%.  Cost  of  coal  per  ton  of  2,000  Ibs.,  $2.89.  Cost  of  coal  to  evaporate 
1,000  Ibs.  water  from  and  at  212°  F.,  SO. 151.  A  similar  engine  at  142.27 
Ibs.  steam  pressure,  71.2°  superheat  gave  a  duty  of  157,133,000  ft.-lbs. 
per  1,000  Ibs.  steam  used. 

The  highest  recorded  duty  (181,068,605  ft.-lbs.  per  1,000  Ibs.  dry  steam) 
is  that  of  an  Allis  triple-expansion  pumping  engine  at  St.  Louis,  operating 
under  140  Ibs.  steam  pressure.  Another  high-dwty  engine  is  a  Reynolds 
triple-expansion  vertical  engine  at  Boston,  30,000,000  gals,  capacity, 
ooerating  at  a  piston  speed  of  195  ft.  per  min.  under  185  Ibs.  steam  pressure. 
Duty.  178.497,000  ft.-lbs.  per  1,000  Ibs.  steam,  or  163.925,300  ft.-lbs. 
per  million  heat  units.  B.T.U.  per  I.H.P.  per  min.  =  196.  Steam  per 
I.H.P.  hour  =  10.375  Ibs.  Coal  per  I.H.P.  hour  =  1.06  Ibs.  Thermal 
efficiency,  21.63%,  or,  including  economizer,  22.58%. 


HYDRAULK  !  i  "i  !>!;  \  ru< '    M.\<  'HI  M.KV. 


H\ili..iili.     K.im.       V,   .'•  '    flowing   in  :i    pipe   under    a    low    ):. 
thtouiM  :m  opening  :ii   Hir  en. I  until  it  a'-quire-  :i  velocity  -uffir-jcnt   to 
•  vnl  the   outlet,  vping  "f   flo\\    c.ea'e-   afi   ex- 

Cemive   prewure    ill    tin-    pipe,   and    a    valve    m  :.r    the   en. I    i-    opened    uln'-h 
•    ini'i   which   the   wate-  i    from   there   inr., 

ilvi 

-  and    I  In-   c\.-J.-  .        U'aicr    may    In-    rai-ed    H) 

•  •  hivnl  of  tp  I  .ffi-iency,  .">()  to  7 
I'lil-oincter.      In   '!                                                   I   l<y  -uction   into  the  pump 

.•mini    re. ulting  from    the   condensation    of   -team    within 
:i  forced  into  the  delivery  pipe  liy  t  ho  pro-sure  of  a  fte.h  supply 

rai-ing   while   the   other  di-- 

I.UOO  II,. 

Ih"    »:r-I..H    I'll   !!•).       \         rti    al    pipe-    uith    it-    lower  end    -ubn,. 
in  a  well  or  t.ink   ,-  -.-ipplied    \vi'h  a  .-mailer  pipe  from   whirh  <-omi 
air  en  e   Ko  torn  of  the  larger 

••nliiriin   of  liuiii'l   in   the   pipe,  con-i-i  intr  to  a   certain  extent  of  air- 
hulili..  than   an   e<pia!l\-   hi^h   column   of  li<imd    not    -..  aerated, 

mid    there!'  I  Me  elfirit-ncy    ran  ires    from    !'.">    to  oO%,    where    the 

;ner«ed  leriKth  lo  lenirth   above  -urface  varies  from  0.5   to  2, 
respectively.     A-  no   movimr   parts,    this  device  is   valuable  in 

the  case  of  lifting  .  ical  solutions,  sewage,  etc. 

HYDRAULIC    POWER    TRANSMISSION. 

Water  under  hiirh  pre-^ures  (600  to  2,000  Ibs.  per  sq.  in.)  is  advantageously 
u-ed    where   power  distribution    is   i|e-ired    over  small   areas,    vi/,.,   wli 
boiler  and  bridge  shop<,  for  .\etiri>f,  flaiiRiriK  UIK!  forcint? 

B    -y-tem   con-i<t-   of    pumps   to  develop   the   desired 

.sure,  from  wliieh  the  water  Hows  thnujK.'i  piping  to  an  accumulator,  which 

•  •rtii-al    cylinder   provided    with   a   heavily   weighted    plunger.      Pipes 

lead   from   the  accumulator  to  the   machine-   to   be   opeiated.      The   work 

m  an  a'-eiimulutor  is  equal  to  the  weiglit   on  plunger X height  in  ft. 

plunder   j<    rai~«-d.   or    irll   ft.-lb<.     Accumulator  efficiency  may   oe  98%. 

:  a  direct   plunger  or  ram  in  a  hydraulic  crane  i-  around  93%, 

decreasing  in   proportion   to   the  number  of  multiplications   of  movement 

by  pulleys.      ( I're.siire-  n-ed  in  boiler  shops  range  from  1,500  to  1,700  lb.. 

•I.   in.)      Effective  p-essure  (Ibs.   per  sq.  in. )  =  accumulator  pn 
(Ibs.  pel  -I  -0.02   m),  where   w  =  ratio  of   multiplying  power 

Maximum   hoi  in   ft.   per  sec.      warehouse  cranes,   (i;    plat- 

form cianes,  4;  passenger  and  wagon  hoist-,  heavy  load-,  2:  plunger 
passe  troke,  10. 

should    not    be    used    for   hydraulic   cylinders   when    pressures 
over  L'.O'll)  lb-.  per  sq.  in.  are  u-ed,  \V."l.  or  -teel  beinn  substituted.     The 
uld    be   about    three    times   the    working   pressure. 

D.-^i1;!!    of    Hydraulic    Cylinders.     (Kleinhans.)     Load    on    ram,    in 
/  ;    tbickneaa   ..f  walls  of  cylinder  in  in.  =jpD-i-2( /--/>): 

thickness  of    bottom  end  of  cylinder      at    center  =  0.5/)v/p-r-/; thicrs 

(at  a  radius  D-^-3)  between  center  and  wall  diam.  =0.433DV^p-r-/;  where 
p  — water  pie. .lire  in  lb.- .  per  .q.  in..  <l  diam.  of  ram  or  plunger,  1)  -  internal 
diam.  of  cylinder  =  d+  1  to  2  in.,  according  i  safe  fiber  Btn 

10,00;)  for  ca-t  -teel.  The  bottom  of  cylinder  is  spherical  (of  radius  d)  and 
rounded  to  wall  of  cylinder  by  a  radiu-  O.lM. 

Friction    of   Cup    I.eat  her-.       F     frictional     resistance    of    a    leather 
in    lb-.    |M-r    sq.    in.    of  ire      O.OSp-f-(c-i-d),    where   d     diam.    of 

plunger  in  in.,  /»  water  pre-..iire  in  lb.-.  per  >q.  in.,  and  r  -^  100  for  leathers 
in  good  condition,  250  if  in  bad  condition. 
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THE   FOUNDRY. 

Sand.  Good,  new  sand  contains  from  93  to  95%  of  silica,  5%  of  alu- 
mina, and  traces  of  magnesia  and  oxide  of  iron.  Sand  containing  lime 
should  not  be  used.  Floor  sand:  old  sand,  12;  new  sand,  4;  coal  dust,  1. 
Facing  sand:  old  sand,  6;  new  sand,  4;  coal  dust,  1.  (The  numbers  refer 
to  parts  by  weight.) 

Loam  is  a  mixture  of  clay,  rock  sand,  powdered  charcoal,  cow  hair, 
chaff,  horse  manure,  etc.  (for  binding  power  and  porosity)  ground  together 
in  a  mill. 

Cores  require  a  mixture  of  rock  sand  and  sea  sand  with  a  binding  sub 
stance,  and  are  black-washed  after  baking  with  a  mixture  of  powdered 
charcoal  and  clay  water. 

Parting  Sand.  Powdered  blast-furnace  slag,  brick  dust  or  fine  dust 
from  castings  may  be  used  for  this  purpose.  Plumbago,  powdered  char- 
coal, soapstone,  and  French  chalk  are  used  for  facing  moulds  in  order 
that  smooth  castings  may  be  obtained. 

Consistency  of  Sand.  If  too  much  burnt,  or  old  sand  is  used  it  will 
cake  in  the  mould.  Sand  should  be  so  moistened  that  if  the  hand  is  closed 
on  a  ball  of  same  and  then  opened,  the  sand  will  just  retain  the  shape 
given  to  it. 

Shrinkage  of  Castings.  Patterns  having  one  horizontal  dimension 
under  3  in.  should  be  made  -fa  in.  smaller  to  allow  for  rapping.  Under 
ordinary  conditions  the  shrinkage  of  castings  per  foot  is  as  follows:  cast  and 
malleable  iron,  |  in.;  brass,  aluminum,  and  steel,  T\  in.;  zinc,  i5B  in.;  tin, 
A  in.;  white  metal,  ^5  in.;  gun-metal,  i  in.  The  edges  of  patterns  should 
be  rounded,  all  corners  and  angles  being  filleted  in  order  to  avoid  the 
weakening  due  to  crystallization  in  cooling. 

Weights  of  Castings.  Multiply  weight  of  pattern  by  12.5,  14.1,  or 
16.7,  respectively,  if  the  pattern  is  of  red,  yellow,  or  white  pine  and  the 
casting  is  of  iron.  If  the  casting  is  of  yellow  brass,  multiply  similarly 
by  14.2,  16,  or  19. 

To  Clean  and  Brighten  Brass  Castings.  In  a  glazed  vessel  mix 
3  parts  of  sulphuric  acid  with  2  parts  of  nitric  acid  and  add  a  handful 
table  salt  to  each  quart  of  the  mixture.  Dip  the  castings  in  the  mixture 
and  then  thoroughly  rinse  in  water. 

The  Cupola.  Speed  of  melting-  W  =  2d2^/p.  Air  required'  Q  =  0.5d2^p. 
H.P.  to  operate  fan  =  rf2v/p-i- 3,800.  In  these  formulas  d  =  inside  diam. 
of  cupola  lining  in  in.,  W  =  lbs.  of  iron  per  hour,  p  =  air  pressure  at  cupola 
in  ounces  per  sq.  in.,  and  Q  =  cu.  ft.  of  air  per  min.  (E.  N.,  7-21 -'04). 

THE   BLACKSMITH  SHOP. 

Welding.  Wrought  iron  welds  at  a  white,  sparking  heat  (1,500°  to 
1,600°  F. ),  sand  being  used  as  a  flux  and  to  prevent  scale.  Steel  welds 
at  lower  heats,  borax  being  the  flux  employed. 

Electric  Welding.  Extra  sound  welds  can  be  made  by  abutting  the 
surfaces  of  the  parts  to  be  welded,  allowing  an  electric  current  of  large 
volume  to  flow,  and  by  forcing  the  parts  together  when  the  localized 
heat  at  the  joint  (due  to  the  current)  has  attained  the  welding  tempera- 
ture. Alternating  currents  of  low  potential  are  used.  In  general,  from 
25  to  30  H.P.  applied  to  the  generator  are  required  per  sq.  in.  of  section 
to  be  welded.  For  iron  and  steel  this  power  must  be  applied  for  [(area  in 
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'_'    IIP.    per  -<|.    in.    of  -ret  ion, 
and  H    mii-t    !.<•  applied  [(area  in  -<|.   in     <  15  iinl>. 

I  ,,    Viiin.il  Tool  Mecl,    ln-.-if    t.,:in    even   red  :.ni  (-'ml   -lowly  in  a   \><,\, 

•••el  by  gravel  :in.|  ••),;, 

•  •-ll.inlenlng.       Kai-e  tin-  j,..-  .•       U     I.   <  c  mild  -teelito  n  rp<l   heat 

and  a  ;;|"l  '•"If-     ^ueii'-h  while  The 

!l«wmg,    n  If  extreme   hardness 

•>n.) 

i  . 'iiperlni:  of  stcd.    Harden  by  beating  to  a  dark  red   al.o.r 
cooling    ipiiekly    ni    w.ucr,   the  article   heing  kept    in   motion.      To   i. 
brighten    the   -urface   of   the  article  atnl    heat    uowly    'not    in   contact    with 
until    the    de-ired    color   (as    below)   apjx'ar-,    ami    then  <;uench 
in  water  or  oil. 

\>  ••''   F. ),  for  I  anmer  faces,  lathe  ami 

planer  t.M.N  for  -teel  ami   ivory,  ami  bone-Working  tf.ol-. 

I.ijtlit  straw  (450°  F.),  for  drills,  milling  cutters,  lathe  and  plane; 
for  r 

•MM  ^traw  (470°  V.'\  for  bonne  rutters. 
lark  straw  (490°  I1'.),  for  taps,  dies,  leather-cutting  tools. 

•or  reamers,  punches  and   dies  KOU<?CS,   .'(one- 
rut  tint: 

Yellow  r»U  P.),  for  flat  drills  for  brass,  twNt  drills,  pi., 

I.i«ht  pu-ple  (530°  F.),  for  auner-,  .lental  and  surgical  instrument*. 

>0°  F,),  for  cold-chisel-,  axes. 

Dark  blue  (570°  F.),  for  springs,  screw-drivers,  circular  saws  for  metal, 
wood-chisels,  wood-saws,  planer  knives  and  moulding  eutto 

Forgings.     Allowance  for  Machining. 

Diam up  to  5  in.    6  to  8  in.    9  to  10  in.    12  in.  and  larger 

Allowance 0.25  in.      0.375  in.       0.  5  in.  1  in. 

THE  MACHINE  SHOP. 

Punches  and  Dies.  Diam.  of  hole  in  die  =  diam.  of  punch  -f  (0. 1 6  to  0.3) 
X  thickness  of  plate  to  be  punched,  according  to  various  authorise-  \ 
fair  average  value  for  the  excess  is  0.2  <  t  hiekne  —  . 

(  utllnit  Speeds  for  Lathes,  Planers,  and  Shapers  in  ft.  per  min. 
(Ordinary  tool  steel.) 

American  German. 

Practice.    »         (Ing.  Tasehen- 
(.].  Hose.)  W 

Hard  cast  steel 6  to  10 

Tool  -reel 12  12 

Machinery  steel l.">to    20  18  to  30 

Wrought  iron 18  "     35  18  "  M) 

•  iron 2J  "    38  16  "  24 

Hr..n/i-         60  "  120  40   "  90 

Copper 150  "  350  40  "  90 

Circumferential  speed,  ft.  per  min.  =  0.2618 Xr.p.m.  X diam.  of  piece  in  in. 
Planer  speeds  range  from  18  to  22  ft.  per  min.     Maximum  Feeds  and  Depth 
of  rurs   -Ing.   Taschenbuch):    max.   feed   per  rev.  =  0.06  in.   for  rumlrnir. 
and  0.2  in.  for  finishing:    greatest  depth  of  cut  =  0.4  in.  for  ('.  I.,  =0  _ 
for  \V.  I.,    =   0.16  in.  for  steel,    =0.12  in.   for  bronze.      Max.   planer  feed 
r-ike-o.08  to  0.16  in.  for  roughing,  and  0.12  to  0.5  in.  for  fini- 
h  of  planer  cut  =0.8  in.  for  C.  I.,  =0.5  in.  for  W.  I.,  =  0. 
.   =0.16  in.  for  bronze- 

Milling  Cutter-.  (Ordinary  tool-steel. >  Angle  of  tooth:  Front 
face  radial:  tooth  angle,  50°;  angle  at  cutting  edge -=85°  (5%  clearance) 
No.  of  teeth -2.S  (diam.  in  in.  +  2.6  in.).  Take  nearest  even  number. 

Speed,          Depth  Feed. 

ft.  i>er  of  cut,          in.  per 

min.  in.  min. 

1    21  A 

U  -"Ught  iron 40  1 

Mild  steel 30  i 

<;un-mctal 80 

Cant-iron  gears 26 

Hardca  t  iron.  .  30  2* 
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For  bu^it  cuts,  speed  in  ft.  per  min.:  steel,  45;  W.  I.,  60;  C.  I.,  90;  gun- 
metal,  I0r>;  brass,  12J.  For  heavy  cuts  reduce  these  speeds  about  one-half. 

Twist  Drills  (of  ordinary  tool-steel).  Revs,  per  min  for  iron:  i  in., 
660;  |  i:i..  32J;  |  in.,  22J;  *  in.,  160;  4  in.,  130;  J  in.,  105;  1  in.,  80; 


Hin.,54;  2  in.  ,39;  3  in.  ,26;  4  in.  ,17. 
for  bras.s,  multiply  them  by  1.25. 

Feed1-  125  revs,  per  inch  depth  of  hole  for  drills  under 
drills  allow  1  in.  of  feed  per  min. 


For  steel  take  0.7  of  these  speeds,  — 
in.;  for  larger 


Morse  Standard  Tapers  for  Drill  Shanks  and  Sockets. 


No.  of 
taper. 

Large 
diam.  of 
socket. 

Diam. 
Ai". 
from  bot- 
tom of 
hole. 

Depth 
of  hole. 

C.  toe. 
of  slot 
drill- 
hole. 

Width 
of  slot. 

Diam. 
of 
tongue. 

Length 
tongue. 

1 

0.475 

0.369 

2* 

0.213 

0.33 

A 

2 

0.7 

0.572 

2{ 

0.26 

? 

3 
4 
5 

0.938 
1.231 

1.748 

0.778 
1.026 
1.475 

3 

4 
5 

1 

f 

0.322 
0.478 
0.635 

jt 

6 

2.494 

2.116 

7- 

1 

0.76 

2 

1 

The  tongues  of  drills  are  0.01  in.  less  in  thickness  than  the  width  of 
•lot.     Keys  to  force  out  drills  are  tapered    i.75  in   12  (or  8°  19'). 
Taper  Turning.     Distance  tail-center  is  to  be  set  over  = 

jotal  length  of  piece    y  diff .  between  diams.  at  ends  of  taper 
length  of  tapered  part  2 

As   the   centers  enter  the  work  an  indefinite  distance,  this  rule  is  only  ap- 
proximate and  the  results  must  be  corrected  by  trial. 


Machine  Screws. 


Wire 

Threads 

Diam. 

Tap     Wire 

Threads 

Diam, 

gauge 

per  in. 

in  in. 

drill. 

gauge. 

per  in. 

in  in. 

2 

56 

0.0842 

No.  49 

12 

24 

0.2158 

3 

48 

.0973 

45 

14 

20 

.2421 

4 

36 

.1105 

42 

16 

18 

.2684 

5 

36 

.1236 

38 

18 

18 

.2947 

6 

32 

.1368 

35 

20 

16 

.3210 

7 

32 

.1500 

30 

22 

16 

.3474 

8 

32 

.1631 

29 

24 

16 

.3737 

9 

30 

.1763 

27 

26 

16 

.4000 

10 

24 

.1894 

25 

28 

14 

.4263 

30 

14 

.4520 

drill. 
No.  17 
13 


Maximum  lengths:  No.  2,  £ 
No.   10.   H  in.;    No.  14,  2  in. 
Lengths  increase  by  16ths  up  to 
above  1$  in- 

International  Standard  Threads   (Metric). 
flat  i  ht.  of  sharp  V  thread;    root  filled  in  t'a  ht. 


in. ;  No.  4,  f  in. ;  No.  6,  1  in. ;  No.  8,  H  in  • 
;  No.  18,  2*  in.;  No.  22  and  larger,  3  in. 
o  i  in.,  by  8ths  from  *  to  !$•  in.,  and  by  4ths 


Angle   of   thread  =  60°; 
Dimensions  in  mm. 


Diam. 
6&7 
8&9 
10&11 
12 
14&16 

Pitch. 
1 
1.25 
1.5 
1.75 
2 

Diam. 
18,  20  &  22 
24&27 
30&33 
36  &  39 
42  £45 

Pitch 
2.5 
3 
3.5 
4 
4.5 

Diam. 
48  &  52 
56&60 
64&6S 
72&76 
80 

Pitch. 
5 

i5 

6.5 

7 

Metric  threads  may  be  cut  in  lathes  whose  lead-screws  are  in  inch  pitch 
by  introducing  change  gears  of  50  and  127  teeth.  (127  cm. =50  in.,  within 
0.0001  in.  For  less  accurate  work  a  63-tooth  wheel  will  give  an  error  of 
only  0.001  in.  in  10  inches.) 
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><  r«-\v   Tim-ads. 


U.  S.  Standard. 


WJiit  worth. 


i.,  n,.. 


per  n. 
n. 


Tap  drills. 


U.S. 


Nuts  —  rough. 


Threads 

per  in., 

n. 


at  th-1. 


18 
16 
I  l 
13 
12 
II 
10 

9 

8 

7 
6 
6 

t* 

5 


!fp£fi>:; 


0.7 


12ff 


M 

is 
16 

it 

12 

13 

11 
10 
0 

* 
7 
7 
t; 
B 
5 

.r) 

4J 


0.186 
.241 
.295 
.346 

'.508 

.622 

!840 

.942 

.Of. 7 
.  Mil 

!494 
.590 
.715 
.930 
2.180 

2.ti:?4 


Stubs'  St«-,-l   Wire  Gauge  (continued  from  table  on  page  121). 


No. 

Diam. 

No. 

Diam. 

No. 

Diam. 

No. 

Diam. 

No. 

Diam. 

41 

0   (M.I.-, 

52 

0.063 

72 

0.024 

F 

0.257 

P 

0  .  323 

42 
43 

.099 

OSS 

54 
56 

.055 
.045 

74 
76 

.022 
.018 

G 

H 

.•Jf.l 
.266 

8 

.332 
339 

41 

.085 

58 

.041 

78 

.01.-, 

I 

.272 

3 

.348 

45 

.081 

60 

.039 

so 

.013 

J 

.277 

T 

.358 

46 

.079 

62 

.037       A 

.234 

K 

.281 

U 

.368 

47 

.077 

64 

.035       K 

.238 

L 

.290 

V 

.377 

4s 

.075 

66 

.032       C 

.242 

M 

.295 

W 

386 

49 

.072 

68 

.03         D 

_'!-. 

N 

.302 

X 

.897 

50 

.IM.'.I 

70 

.027 

E 

.25 

O 

.316 

Y 

.-104 

Z 

.413 

WIRE    AND   SHEET-METAL   GAUGES. 
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The  U.  S.  Standard  and  Imperial  gauges  are  respectively  the  legal  stand- 
ards in  the  U.  S.  and  Great  Britain.  Stubs'  steel  wire  gauge  is  used  in 
measuring  steel  wire  and  drill  rods. 

Wire  and  Sheet-Metal   Gauges. 


No. 

Ameri- 
can, 
B.  &S. 

Birming- 
ham — 
Stubs 
(iron). 

Stubs 
(steel). 

Wash- 
burn  & 
Moen  — 
Roebling 

Trenton 
Iron  Co. 

U.S. 
Stand- 
ard. 

Impe- 
rial. 

0000000 

0.49 

0.5 

0.5 

000000 

.46 

.469 

.464 

00000 

.43 

.45 

.438 

.432 

0000 

0.460900 

0.454 

.393 

.40 

.406 

.4 

000 

.  409640   .  425 

.362 

.36 

.375 

.372 

00 

.364800!   .38 

.331 

.33 

.344 

.348 

0 

.324950!   .34 

.307 

.305 

.313 

.324 

1 

.  289300   .  3 

0.227 

.233 

.285 

.281 

.3 

2 

.2576301   .284 

.219 

.263 

.265 

.266 

.276 

3 

.  229420   .  259 

.212 

.244 

.245 

.25 

.252 

4 

.20i310 

.238 

.207 

.225 

.225 

.234 

.232 

5 

.  181940 

.22 

.204 

.207 

.205 

.219 

.212 

6 

.  162020 

.203 

.201 

.192 

.190 

.203 

.192 

7 

.144280 

.18 

.199 

.177 

.175 

.188 

.176 

8 

.  128490 

.165 

.197 

.162 

.160 

.172 

.16 

9 

.114430 

.148 

.194 

.148 

.145 

.156 

.144 

10 

.101890   .134 

.191 

.135 

.130 

.141 

.128 

11 

.0907421   .12 

.188 

.12 

.1175 

.125 

.116 

12 

.0808081   .109 

.185 

.105 

.105 

.109 

.104 

13 

.0719611   .095 

.182 

.092 

.0925 

.094 

.062 

14 

.064084'   .083 

.180 

.08 

.08 

.078 

.08 

15 

.  057068 

.072 

.178 

.072 

.07 

.07 

.072 

16 

.050820 

.Utiii 

.175 

.063 

.061 

.0625 

.064 

17 

.  045257 

.058 

.172 

.054 

.0525 

.0563 

.056 

18 

.  040303 

.049 

.168 

.047 

.045 

.05 

.048 

19 

.035390 

.042 

.164 

.041 

.039 

.0438 

.04 

20 

.031961 

.035 

.161 

.035 

.034 

.0375 

.036 

21 

.  028462 

.032 

.157 

.032 

.03 

.0344 

.032 

22 

.025347 

.028 

.155 

.028 

.027 

.0313 

.028 

23 

.022571 

.025 

.153 

.025 

.024 

.0281 

.024 

24 

.020100 

.022 

.151 

.023 

.0215 

.025 

.022 

25 

.017900 

.020 

.148 

.02 

.019 

.0219 

.02 

25 

.015940 

.018 

.146 

.018 

.018 

.0188 

.018 

27 

.014195 

.016 

.143 

.017 

.017 

.0172 

.010 

23 

.012641 

.014 

.139 

.016 

.016 

.0156 

.014 

29 

.011257 

.013 

.134 

.015 

.015 

.0141 

.013 

30 

.010025 

.012 

.127 

.014 

.014 

.0125 

.012 

31 

.008928 

.010 

.120 

.0135 

.013 

.0109 

.011 

32 

.  007950 

.009 

.115 

.013 

.012 

.0101 

.0108 

33 

.  007080 

.008 

.112 

.011 

.011 

.0094 

.01 

34 

.  006304 

.007 

.110 

.010 

.01 

.0086 

.009 

35 

.005614 

.005 

.108 

.0095 

.009 

.0078 

.008 

36 

.005000 

.004 

.106 

.009 

.007 

.007 

37 

.  004453 

.103 

.0085 

.0066 

.0068 

38 

.003965 

.101 

.008 

.0063 

.006 

39 

.003531 

.099    .0075 

.005 

40 

.003145 

.097  1   .007 

.0048 

Imperial  Wire  Gauge  (continued  from  table). 

No...  41        42        43         44         45         46        47        48         49        50 

Diarri 0044   .004   .0036   .0032    .0028    .0024    .002   .0016   .0012   .001 

Grinding  Wheels.     The  abrasives  used  in  grinding  wheels  are  corundum, 
emery   (impure  corundum),  carborundum  and  alundum.     The   first    two 


1JJ  P    D\TA. 

.-.  while  ill.    !  .duct*  of  the  r-Vcrrir.  fir 

durability. 

Aiunduin 

:   prnicipallv  from  l,:iu\  liiiniria. 

•»pc.-d-.       :  .  ry    In.in    3.0"  >    :    .    7,000    ft. 

•:nii..    u-ual.  :    grinding- 

ni«chliie-<   should    have   M    |.  i  :•'.!.!    2.")   to  mill., 

f..r  deli.  'an-  \\  uheel=-face 

<-r  n-v.   <>f  piex-fi  beiiig  ,  r  -i;nd.      I'.ilNhing    \v:i:  <•!*   should 
«>f  ;il)-iiit    7,1  miri. 

.  d  ("accord 
ing     ' 

tnee  has 

. 
:m.  r«.i»«h  fi!.--i;    :!0  t«.  ;    70  to  80, 

I   unwards, 

The  Nort  A  heel  Co.  ir:  ^  iiich  i-  approxi- 

>  medium    soft    wheel,    M  = 

medium,   Q-  medium   hard;    otiicr  le.ters   indi.-nte   correaponding  inter- 
tie  grades): 

No.  of  j?rain. 
I.ar«e  C.  I.  :md  >rpf!  ou-t  in^s  (Q,  R}  ..........................    ]r 

TPH'ICH!>|I    ;ind  chille<l  iron  c-a  t  ni^-  *  (J,  R)  ................    lr,  • 

Small    '•.•i-tiiiR^    i  (  '.  I.,    steel    and    malleable    iron),    drop-forgii)K> 

......................    20  to  30 

W    I.,  l.n.nzp  ca>f  iiiR!",  r>lo\v  points  (  /',  Q).  brass  castings  (O,  P)  .  .    10  to  .'50 
and  paper-cutter  knives  (/,  A),  lathe  and  plane:  tocta(JV,O)  30to40 
.:  t:i:i.-hin«  work  (O,  P)  ................................    30  t-,  40 

(Forking  tools,  saws,  twist-drills,  hand-ground  (M,  N).  ...    36  to  60 

Machine  grinding:     twist    drills   (AT,    .17),   reamers,   taps,  milling 

(  //.  A'  )  .........................................    40  to  60 

Hand  g-i:iding:  reamers,  taps,  milling  cutters  (N,  P)  ............   46  to  100 

.tiding  machines,  the  Landis  Tool  Co.  gives  the  following: 

Material.  No.  of  grain.  Grade  of  wheel. 

•fpl.  ordinary  shafts  .......     24  to  60    Medium  or  one  grade  harder. 

tubing  or  light  shafts..  .     24  "  60    One  or  two  grades  softer  than 

medium. 
Hard  steel  and  ('.  I  .............     24  "  60    Medium  or  one  grade  softer. 

.al  grinding  ...............    30  "  60          "        to     several      grades 

softer. 

Economy  In  Finishing  Cylindrical  Work  is  obtained  by  reducing 

by  nifMM-  <,f  rough,  heavy  cuts  to  within  .01  to  .()2.">  in.  of  the  fini-h«-d 
diameter  and  then  grinding  to  completion.     It  is  i><,  -Me  to  force  wheels 
•i.  per  min. 

filing  and  ('hipping.  The  figures  in  the  follow- 
•  .\imately  the  number  of  Ibs.  removed  per  hour 
••s.  The  metal  bars  ground  were  |  in.  X  $  in.,  held 


••s.     The  metal  bars  ground  were  |  in.  X  $  in.,  held 
i  prf^urr  of  about  100  Ibs.  per  sq.  in.  (T.  Dunkin  I'aret, 
Jour.  Franklin  fnst.,  5-12-1904): 


Bra,,.  C.I.  W.I. 

.vliocl  .........  34.  15.5  5  6  87 

.........  1.  .72  .34  .125 

...........  2.56  4.69  1.31  187 

Wheel  wear  ..........  .8  1.37  •       1.69  3.63 

Grindstones  for  to  .l-dn-<ing  should  have  a  peripheral  s-,eed  between 
600  and  W)  ft.  per  ruin.  Rapid  grinding  s,>eeds  should  not  «-\,  •<-,-,!  L'.MIO 
ft  IKT  mm. 

HlKli->i».-i-,|  I.M.I  »teel.  In  1900  the  Hethlehrn-  Steel  Co.  exhibited 
xpo«ition  made  and  treated  according  to  the  Taylor- 

A  .-il.le  of  taking  heavy  cuts  at  abnormally 

high  cutting  speeds,  tl  .  <-hi;»  coming  off  at  a  red  heat,  and  the  tool  stand'- 


HIGH-SPEED  TOOL  STEEL. 
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ing  up  well  under  the  work.  Since  that  date  many  steels  of  similar  capacity 
have  been  placed  on  the  market  by  various  makers. 

These  steels  are  air-hardening  and  contain  (in  addition  to  carbon)  one 
or  more  of  the  elements,  chromium,  tungsten,  vanadium,  molybdenum, 
and  manganese,  these  elements  uniting  with  the  carbon  to  form  carbides. 
Iron  carbides  exist  generally  in  an  unhardened  state  and  at  high  tem- 
peratures these  part  with  their  carbon,  which  then  shows  a  greater  affinity 
for  chromium,  etc.  These  newly  formed  carbides  may  be  fixed  by  rapid 
cooling,  and  they  impart  the  extraordinary  hardness  which  they  possess 
to  the  steel.  This  hardness  is  retained  by  the  steel,  as  these  carbides  are 
not  affected  by  changes  of  temperature  within  certain  limits.  Tools 
made  from  these  steels  are  forged  at  a  bright  red  heat  and  slowly  cooled. 
The  points  are  then  reheated  to  a  white,  melting  heat  (about  2,000°  F.), 
cooled  to  a  red  heat  in  an  air-blast,  and  then  slowly  cooled,  or  quenched 
in  oil. 

Cutting  Speeds  for  High-Speed  Tool  Steels.  Experiments  have 
been  conducted  in  Germany  and  also  in  England  (by  Dr.  Nicholson  of 
.Manchester)  to  determine  the  best  cutting  speeds  to  employ  on  various 
metals,  and  the  results  are  expressed  by  the  following  formula:  Cutting 

speed  in  feet   per  minute,  S  =     ,   ,  +  M,  where  a  is  the  sectional  area  of 
a  -f-  Li 


cut   in  sq.  in.  ( 
slants: 


depth   X traverse  in  one  rev.),  and  K,  L,  M  are   con- 


WhilnSd^TheSter) Cast  Iron.— 


Soft.         Medium.     Hard.         Soft. 

K 

L 
M 

=  1 
=  0 
=  15 

.95 
.011 

1  . 
0. 
6 

85           1. 
016        0. 
4 

03 

16 

3.1 
0.025 
8 

Siemens-Martin  Steel 
Soft.               Medium. 

(Berlin). 
Hard. 

K 
L 

M 

— 

4.03 
0.012 
26 

0.918 
0.009 
16 

1.17 
0  .  0075 
-20 

Medium. 
1.65 
0.03 

7 


Hard. 
1.3 
0.035 
5.5 


W.  I. 


2.62 
0.0092 
23.5 


Cast  Iron.       Cast  Steel. 

0.196  0.2 

-0.0199          -0.005 
32.2  11.25 

The  chemical  composition  of  the  metals  experimented  upon  is  as  follows: 


Carbon,  combined 

Graphite 

Si 

Mn 

S 

P 

Crushing  strength  in  tons  of  2,240  Ibs. 


CAST  IRON. 

Berlin. 

0.45 

3.46 

2.05 

1 

0.1 

0.1 


Manchester.—  » 

Soft. 

Medium. 

Hard. 

0.459 

0.585 

1.15 

2.603 

2.72 

1.875 

3.01 

1.703 

1.789 

1.18 

0.588 

0.348 

0.031 

0.061 

0.1614 

0.773 

0.526 

0.732 

26.9 

44 

43.5 

Carbon.  .  . 

Sieir 
Soft.     ft 
0  3 

lens-Martin, 
ledium.     Hard. 
0.54         0.63 
.21            .20 
.93          1  .  22 
.025          .05 
.05            .05 

Si 

0  05 

Mn  

s 

58 
05 

P  

.07 

Tensile  strength  in 

tons  (2,240  Ibs.).  26  to  32 


-19 


Whitworth. 

Soft.  Medium.  Hard. 

0.198  0.275  0.514 

.055  .086  .111 

.605  .65  .792 

.026  .037  .033 

.035  .043  .037 


L'o 
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!       MN  j.      The  following  results  have  been  taken  from  the  exhaustive 
presidential   address  delivered   before  the   A.   S.    M.    K.,   December,  1906, 


sum-  DATA 


•;ir:iti.,n     by     M,       I" 

:      toiiii'l   IIM.-IV     l-'or  blunt  tools,  radius 


-" 


f  pi.,- 
\    width      ,'n   in.      C\< 

..-I  an  I  C.  1.  (—22 


pel    Mmii'c  fur  :t  Tool  whir!. 

"    N!mul<-   bct'oM-    I'.f'.'imdiim. 

Soft  Cast  Iron. 

Soft  Steel. 

Sizes  of  Standard  Tools. 

-t.-ind.-nd  To 

1  !  in. 

1  in.       }  in. 

Jin. 

IV  in.  1   I  in. 

fin. 

*in. 
510 

A 

I 

239 

191 

I  12 
Us 

108 
85.0 

226 

177 
i:;o 
107 
92.8 
75.7 

222 
L6Q 

L20 
97.0 
83.4 

•;•;.  i 

206 

147 

76.0 
64.1 

518 

257 

209 

490 
330 

189 

482 

217 
172 

1 

5 

216 
172 
128 
107 
93.4 
76.8 

205        203 
156 
lls          110 
97.0      88.8 
84.2      76.2 
68.6      60.9 

194 
138 
93.1 
72.1 
41.8 

450 

223 
182 
157 

427 
206 

205 
165 

142 

423 
284 
190 
151 
128 

445 
281 

177 
135 

A 

| 

187 

14!) 
Ill 
92.5 
73.  1 
66.4 

181 
142 
104 
85.8 
74.3 
60.6 

181         182 
137         128 
97.7      86.1 
78.0      67.4 

f,7  .  :, 
54.2 

370 
260 

183 
149 
129 
105 

358 
247 
171 
138 
118 
95.0 

358 
240 
161 
127 

404 

2or> 
161 

i 

1 

A 

168 
134 
99.8 
83.2 
72.6 
.V.I.  7 

165 

129 
94.3 
77.  S 
67  .  "> 
55.0 

167 
126 
90.8 
72.7 
62.7 

173 
122 
81.9 

322 
227 
159 
130 
112 
91.4 

315 
218 
loO 
121 
104 

320 
215 
144 

276 
185 

359 
226 

330 

1 

i 

| 

144 
115 

62.0 
51.0 

143 
112 
81.9 
67.6 
58.6 
:,7   :, 

150 
113 
81.0 
65.5 

264 
186 
131 
107 
92.2 

263 
182 
126 
101 

| 

131 
105 
77.6 
64.7 
56.6 
46.5 

132 
104 
75.8 
62.6 
54.2 
44.2 

230 
162 
114 
92.6 

232 
161 
111 

I 

! 

112 
89.2 
66.2; 

48.3 
39.7 

Speed  for 
M.-ii-i                       n  =  0.29  X  Speed  for  Soft  ('.  I. 
Mi'diiim     '         *•    =0.5    X       ' 
Hard       Steel          =0.23  X     steel 
Medium     '              =0.5   X     ' 

(Condensed  from  Tables  143-154,  Vol.  28,  Proc.  A.  S.  M. 
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Average  composition  of  tool-steel:  0.3%  V  4-  18%  W  +  5.76%  Cr  + 
C  +  0.09%  Mn  +  0.046%  Si.  Forged  at  light  yellow  heat. 

Steels  Turned.  Hard  steel  (locomotive  tire):  0.64%  C  +  0.7%  Mn  + 
0.21%  Si  +  0.044%  P.  Tensile  strength=  118,500  Ibs.  per  sq.  in.  Elastic 
limit  =  70,000  Ibs.  per  sq.  in.  Per  cent.  stretch=  14.  Medium  steel:  0.34% 
C  r  0.6%  Mn  +  0.183%  Si  +  0.032%  S  +  0.035%  P.  T.  S.  =  72,830; 
i:  I.  -34,630;  stretch=30% ;  contraction^  48.7%.  Soft  steel:  0.22%  C 
-I-  0.42  Mn  +  0.07%  Si  +  0.025%  S  +  0.022  P.  T.  S.=  56,250;  E.  L.= 
2S.5SO;  stretch=35.5%;  contraction^  56.3%. 

Pressures  on    Cutting  Tools,  p,  in  Ibs.  per  sq.  in. 

i  a>i  Iron:  soft,  1 15  000;   medium,  188,000;  hard,  184,000. 

Steel:  soft,  258,000;  medium,  242,000;  hard,  336,000. 

Metal  Removed  in  Unit  Time. 

Cast  Iron:  Ibs.  per  min.  =  3.13  Sa;  Ibs.  per  hour  =  187.8  <Sa. 

Steel:  Ibs.  per  min.  =3.4    Sa;  Ibs.  per  hour  =  204  Sa. 

Power  Required  by  Cutting  Tools  (lathes,  planers,  shapers,  boring 
mills).  H.  P.  =  paS  +  33,000.  For  milling  machines  J.  J.  Flat  her  states 
that  H.P.  =  cw,  where  tr  =  lbs.  removed  per  hour,  and  c  =  0.1  for  bronze, 
0.14  for  C.  I.  and  0.3  for  steel. 

Best  Tool  Angles.  Dr.  Nicholson  indicates  in  his  dynampmetric 
experiments  that  the  tool  edge  (in  plan)  should  be  at  an  angle  of  45°  to 


the  center  line  of  the  work,  the  clearance  from  5  to  6°,  the  tool  angle  about 

1  (75°  for  C.I.)   and  the  top-rake  20°  for  meclii 
(9°  for  C.I.).     (A.  S.  M.  E.,  Chicago,  1904.) 


65°  for  medium  steel  (75°  for  C.I.)   and  the  top-rake  20°  for  medium  steel 


Average  cutting  stress:    C.I.,  150,000  Ibs.  per  sq.  in.;  steel,  180,000  Ibs. 
H.P.  =  cutting  stressXaXS-^33,000. 

Cutting  H.P.  for  1  Ib.  per  min.  =  1.46  for  C.I.  and  1.6  for  steel. 

H.P.  lost  in  tool  friction  =  0.3  H.P.  per  Ib.  per  min.  .'.  Gross  H.P.  =  1.76 
for  C.I.  and  1.9  for  steel. 

The  surfacing  force  for  best  shop  angle  (70°  for  steel)  =  67,000  Ibs.  per 
sq.  in.  of  cut ;  similarly,  traversing  force  =  20,000  Ibs.  per  sq.  in.  The 
surfacing  force  will  thrust  the  saddle  against  the  bed  if  the  coefficient  of 
friction  equals  or  exceeds  0.333.  The  total  net  force  to  be  overcome  by 
the  driving  mechanism  of  the  carriage  for  cutting  steel  =  (67 ,000X0.  333)  + 
20,000  =  42,333  Ibs.  per  sq.  in.  of  cut.  Round-nose  tools  are  preferably 
used. 

High-Speed  Twist  Drills.  Power  required  <x  r.p.m. ;  thrust  oc  feed  per 
rev.  Thrust  increases  more  rapidly  than  the  power  consumed,  consequently 
less  power  is  required  to  drill  a  given  hole  in  a  given  time  by  increasing 
the  feed  than  by  increasing  the  r.p.m.  The  angle  of  drill-point  may  be 
decreased  to  as  low  as  90°  (standard  angle  =  118°),  thereby  reducing  the 
thrust  25%  and  without  affecting  the  durability  of  point.  (W.  W.  Bird 
&  II.  P.  Fairfield,  A.S.M.E.,  Dec.,  1904.) 

Metal-Cutting  Circular  Saws.  Cutting  cold  metal:  diam.,  32  in.; 
thickness.  0.32  in.;  width  of  teeth  (cutting  edge),  0.44  in.;  teeth  0.2  to 
0.5  in.  apart;  circumferential  velocity,  44  ft.  per  min.;  feed,  0.005  to 
0.01  in.  per  sec. 

Cutting  metal  at  red  heat:  diam.,  32  to  40  in.;  thickness,  0.12  to  0.16  in.; 
teeth  0.8  to  1.6  in.  apart;  depth  of  teeth,  0.4  to  0.8  in.;  circumf.  vel., 
12,000  to  20,000  ft  per  min.  (Ing.  Taschenbuch). 

Taylor-Newbold  Saw,  with  inserted  teeth  of  high-speed  steel:  A  9i 
in.  cold  saw  at  76  r.p.m.  will  cut  through  If  in.  hex.  cold-rolled  steel  in 
26  seconds,  and  at  96  r.p.m.,  in  22  sees.  A  36  in.  saw,  T^  in.  thick,  teeth 
averaging  i\  in.  thick,  running  at  a  cutting  speed  of  85  ft.  per  min.  will 
cut  off  a  bar  of  0.35  carbon  steel  14  in.  X8J  in.  in  20  min.  A  bar  of  0.40 
carbon  steel  5X5i  can  be  cut  in  4.4  min. 

Fits  (Running,  Force,  Driving,  Shrink,  etc.).  In  the  following  table, 
which  is  derived  from  good  practice,  the  first  column  gives  the  nominal 
diameter  of  hole.  The  mean  value  for  each  class  of  fit  is  given  and  also 
the  permissible  variation  above  or  below  same.  For  force,  shrink,  and 
driving  fits  the  values  given  are  those  by  \vhich  the  diameter  of  the  piece 
should  exceed  that  of  the  hole,  while  for  running  and  push  fits  they  are 
the  values  by  which  the  diameter  of  the  hole  should  exceed  that  of  the 
piece.  Force  and  shrink  fits  are  given,  the  same  value.  Push  fits  are 
those  in  which  the  piece  is  forced  to  place  by  hand-pressure.  Running 
fits  are  given  three  values:  A,  for  easy  fits  on  heavy  machinery;  B,  for 
average  high-speed  shop  practice;  C,  for  fine  tool  work. 
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SHOP   DATA. 


Dfea 

in  in. 

I   ..rrr    . 

Drive* 

Kunning  — 

Var. 

Mo.-,,, 

Var. 

X. 

B. 

C 
Mean 

Var. 

Mean 

Var. 

Mean 

Var. 

0.5 

1 

:< 

4 

! 

.75 
1.75 

7 
9 
11 

.25 

.5 
.75 

1 

.37 

.87 

.12 
IS 

.25 
5 

:. 
•r» 
.5 

.5 

.76 

I  -:, 

1  7.-, 

.12 

.25 
.25 
25 
.25 
2.5 
.25 

1.5 
2 

:<   1 

4.4 
5 

.5 
.7.-. 
.87 
1.  1 
1.2 
1.4 
1.5 

1 
1.5 
19 

2.3 
2.7 

:i   l 

.25 

.5 
.62 
.8 
>5 

,-• 

.6 

1 
1    I:, 
1   :, 
1   •  ; 

^ 

.  12 

t 

7.-, 

The  value*  above  given  arc  in  thousandths  of  an  inch;  thus,  for  a  driving 
•it  in  a  hole  ..f  »  m.  .|i:mi..  the  piece  should  be  4.0025  in.  in  diarn 
may  be  either  4.002  in.  or  4.003  in.  and  still  be  within  the  permissible 
variation  of  0.0005  in.  either  way.)  For  locomotive  tires  and  other  large 
shrunk  work.  Allownn< •,•  m  thotmuidtltt  of  an  inch  =  (  }JX  diam.  in  inj-r- 
«•  --.  S  II  M-,-,,,..  \  s  M.K.  1903.) 

Slze.s  above  <>  in.  Diam.:      For  shrink  fits  add  0.0025  in.  to  diam.  of 

i--h  inch  .,t  diam.  of  hole  where  the  part  containing  the  h 
thick  and  unyielding.  Whore  the  rnptal  around  the  hole  is  thin  and  elastic, 
add  O.OO35  in.  per  in.  of  diam.  For  force  fits  multiply  diam.  of  hole  by 
1  (MMI7  and  add  ().(K)4  in.;  variation  of  ().(M)1  in.  is  permissible.  1  or  drive 
fit*  allow  our  half  of  the  PXCPSS  just  given  f(,r  f(»rce  fits.  For  running  fits, 
multiply  diam  of  hole  by  0.000125,  add  0.00225  in.  and  subtract  this 
sum  from  iliam.  of  hole,  thus  giving  diam.  of  piece.  Variation  of  0.001  in. 
ible. 

Power   Required   by   Marlilnrry. 


Machine.  Mati-n.-tl. 

lathe.  84  in.  ...  C.  I. 

BorincmflU  .  .      C.I. 

Slotting    machines,   36X12 

ami  40X15 W.  I. 

Planers: 

Sellers,  62  in.  X  35  ft.  ...      \V.   I 

"i  in.  X  12  ft 

41       56in.X24ft 

Radial  drill.  42  in 

Shaj>er,  19  in    stroke    


No.  of  tools.  H. P.  working.  H. P.  light 


2 
2 
2 

2  in.  drill 


4.5  to  6. 5 
5.3  A7.3 

24.5 
12.5 
16.8 

2.  1 

7.3 


1.5 
2.5 


1.5  &  2.2 


5.8 
3 


1.1 
1.8 


(Baldwin  Loco.  Works;   measurement  <  l,%  separate  electric  motors  ) 


Machine 


H.P.  of  motor  required  to  operate 
under  best  conditions. 


planer.  Ill  ft        1O  ft.      20  ft  ......  30 

P..nd  -         <   8  "   X2>:>  25 

X   5  "  X12  "  ......  15 

28  in.  X32in  X6  ft  ......  3 

Gishoh  turret  lathe.   2s  in.  swine  ......  4 

ind  .1.   Marne^  drill  pn—  .  -JI   in  ...  1 

tdial  drill,  (M)  in.  arm  .........  2 

Kmery  Crmder.  two  IS-,,,,  wheel-  in  use,  950  r.p.m.  .     .      5 

Pood   Vertical  B,,rmg  Mill.  10-ft.  table  ..........  12 

Bement  ,V   Mil.-s  Slot  tor.  ..........  7 

Jones  &  Lam-on  Turret  Lathe.  2  in.  X24  in.  ...  15 

fu-molf  Tool  (Binder    .  .         ,  ............       I 

Hendey-Norton  Lathe,  16  in.  . 

Putnam  Lathe,  18  in  ....................  21 

Pond  3»i  in  ........  10 

(F.  B.  Duncan,  Engineers'  Society  of  W.  Pa.) 
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M,,i,,r  H.P. 

Punch  and  Shears,  li-in.  hole  in  1-in.  plate,  6  H.P. )  ,9 

shearing  1-in.  plate,         15  H  P. ) 

Plate-edge  Planer,  35  ft.  X  1  in 30 

15  ft.  XI  in 25 

Wood  Planers 4-16 

Circular  Saws 4-24 

(D.  Selby  Bigge.) 

H.  P.  of  Motors  for  Machine  Tools.  Ordinary  lathes:  H.P.  =» 
0.155-1;  Heavy  lathes  and  boring  mills  under  30  in.:  H.P.  =0.2345  —  2; 
Boring  mills  over  30  in.  swing:  H.P.  =  0.255  — 4;  Ordinary  drill  pi. 
H.P.=0.065;  Heavy  radial  drills:  H.P.=0.15;  Milling  machines:  H.P.= 
0.3H';  Planers  (2  tools),  ordinary:  H.P.=0.25JK;  Do.,  heavy;  H.P.= 
0.41ir  (Ratio  of  planer  feed  to  return  =  1:3).  Blotters.  10  in.  stroke, 
H.P.  =5;  30  in.  stroke,  H.P.  =  10;  Shapers:  16-jn.  stroke,  H.P.  =  3;  30  in, 
stroke,  H.P.  =6.5. 

In  the  above  5  =  swing  in  inches  and  W  =  width  between  housings  in 
inches.  Formulas  based  on  the  cutting  by  ordinary  water-hardened 
steel  tools  at  20  ft.  per  min.  (J.  M.  Barr,  in  Electric  Club  Journal.) 

If  high-speed  steels  are  used,  the  power  required  will  be  from  2.5  to  3 
times  the  above  figures  on  account  of  increased  speeds  and  cuts. 

Power  Absorbed  by  Shafting.  In  cotton  and  print  mills  about  25% 
of  the  total  transmission;  in  shops  using  heavy  machinery,  from  40  to  60%. 
In  average  machine-shops  1  H.P.  is  required  for  every  three  men  employed. 


COST  OF  POWER. AND  POWER  PLANTS. 

Water  Power.  Cost  of  plant  per  H.P.,  including  dam,  $60.00  to 
$100.00;  without  dam,  $40.00  to  $60.00.  Power  costs  from  $10.00  to 
$15.00  per  year  per  H.P» 

Steam  Power.  Cost  of  engines  per  H.P.-  Simple,  slide- valve,  $7.00 
to  $10.00;  simple  Corliss,  $11.00  to  $13.00;  compound,  slide-valve,  $12.00 
to  $15.00:  compound  Corliss,  $18.00  to  $23.00;  high-speed  automatic, 
$10.00  to  $13.00:  low-speed  automatic,  $15.00  to  $17.00.  Plain  tubular 
boilers,  per  H.P.,  $10.00  to  $12.00;  water-tube  boilers  per  H.P..  $15.00. 
Pumps,  $2.00  per  H.P.  for  non-condensing,  and  S4.00  for  condensing. 
(Dr.  Louis  Bell  in  "The  Electrical  Transmission  of  Power.")  Total  cost 
of  plant  ranges  from  $50.00  to  $75.00  per  H.P.,  exclusive  of  buildings. 

Dynamos  and  other  electrical  apparatus,  including  switch-boards,  cost 
from  $20.00  to  $35.00  per  kilowatt  capacity  ($15.00  to  $26.00  per  H.P.), 
making  the  cost  of  an  electrical  power  plant  range  from  $65.00  to  $100.00 
per  H.P. 

The  cost  of  a  H.P.  hour  has  been  estimated  by  various  authorities  to 
range  from  0.55  to  0.85  cents.  Dr.  Bell  places  it  at  0.8  to  1.00  cent  with 
large,  compound -condensing  engines,  and  at  1.5  to  2.5  cents  with  simple 
engines,  basing  his  calculations  on  a  day  of  10  hours,  under  full  load.  If 
the  load  is  fractional  and  irregular,  these  figures  should  be  altered  to  1.00 
to  1.5  cents  and  to  3  and  4  cents,  respectively. 

The  cost  of  electric  power  includes  the  cost  of  steam  power  to  operate 
the  generators,  interest,  repairs  and  depreciation  on  the  apparatus,  attend- 
ance, etc.  In  very  large  power  plants  under  good  load  conditions  the  cost 
per  kilowatt  hour  (1.34  H.P.  hour)  may  be  as  low  as  one  cent,  at  the  bus 
bars. 

Gas  Power.  The  cost  of  plant  is  about  the  same  as  that  of  a  steam 
plant.  The  gas  consumption  per  brake  H.P.  per  hour  is  about  as  follows- 
Natural  gas,  10  to  12  cu.  ft.;  coal  gas,  16  to  22  cu.  ft.;  producer  gas,  90 
cu.  ft.;  blast-furnace  gas,  116  cu.  ft  Coal  consumption  when  producer 
gas  is  used  is  about  1.25  Ibs.  per  B.H.P.  With  dollar  gas,  1  B.H.P.  costs 
2  cts.  per  hour.  One  B.H.P.  in  a  gasoline  engine  costs  about  1.5  cents 
per  hour,  in  an  oil-engine  about  1.75  cts.  per  hour,  and  in  a  Diesel  engine 
from  1  to  2  cents,  according  to  the  cost  of  oil  in  the  locality. 


IL'S  8HO 

I'n.po.  i  •  IN  Iti  .1  Tri«  >  of  M.I.  Inn  -.      When  two  -i/.c-  .,f  a 

'<•<!   and   it    i-   (ie-irc.|   t<,  extend   the  x-ries  or 
'mediate   »iac»,    the-    following    rm-th<»l    .,f    I>r.    Coleman 
S-ll.-r      n  r.    1-    lOtplOfld 

Let  £>  be  the  larger  nominal  dm,cnM.,n.  say  30  (of  a  .    latho 

nailer  '     12  (   "      l-'-m.       " 

•  •f  lead-screw  on  JD-C-3  in.,  and  diam.  of  lead-sere 
30 -12 -is.  and  r-r,-=3-1.5.  =  l.o. 

/>     /-»,)-  1.5 -i- 18-0.0833-4,     a     factor.     ADi  -0.0833  X  12=--  1. 
r,-.4/>,-1.5  — 1-0.5-  /  -merit. 

Let  it  be  desired  t<.  iiml  c.  when  />>2-20  in.     Then 

C3-(D2XA)  +  I- (20X0.0833) -I- 0.5 -2. 16  in. 

Moisting    I. num.-.       i    B     •    .' ;il     H.P.    required  =  weight     in     11, 
cage,   n>|»e.   an, I    loftd)X«peed   in   ft.   i>er    min. +  33,000.     A<1,|    L'.">   to   50% 
for  actual   H.l'.   <>n   nc-rc.unt    of  friction   ami   contingencies.      Max.   limit   or 

rope  length  in  ft.  z-;~ -,  where  /  is  the  breaking  strength  of  rope  in 

Ih-i.  per  s(j.  in.,  «>-lbs.  per  fo^)t  of  rope,  Z>  =  dead  weight  to  be  lifted,  in 
It)-..  :ii"l  7  factor  -,;'  -au-tv 

I  I,  \.itorH.  Speeds  l«.\v.  0  t^o  150  ft.  per  min. ;  medium.  150  to  X'K)  ft. ; 
high.  350  to  SOO  ft.  Coiniterweichts  should  be  about  75%  of  the  weight 

!•    and   plunger.     Floor  area,  20  to  40  sq.  ft.     Number  of  ek-1 
for   a   high    office    Knil.litiK     (Height    of    building   in   ft.  X  330)  -*-(  speed    in 
ft.    j>er    ruin,  -interval    between    elevators    in    seconds).     (G.    W.    Nistle, 

May,  '04.) 
Wire  ropes  for  elevators  (6  strands,  each  of  19  wires):    Safe  working 

load  in  Ibs.  -  Il,600rf2-720,000^  (for  Swedish  iron);    =23,200rf2-760,000^ 

(for  ca*t  steel),  where  d  — diam.  of  roj)e  in  in.  and  /)  =  diam.  of  sheave  in  in. 
(Capt.  H.  ('.  Newcomer,  U.  S  1-15-03.) 

Conveyor  Bolts.  ].],*.  conveyed  i>er  min.'=62irF-Hl3,824;  Ibs.  per 
hour  =  fc?u?K-<- 230.4;  tons  per  hour -btorV.-t- 460 ,800,  where  6  =  width  of 
t^-lt  in  in.,  K  =  speed  in  ft.  per  min.,  w  =  lbs.  in  1  cu.  ft.  of  the  substance 
convi-y.-d.  The-p  values  are  for  flat  belts;  for  trough  belts  multiply  by  3. 
Average  F  =  300;  higher  sj>eeds  may  be  used,  up  to  450  for  level  and  650 
when  elevating  at  an  angle.  Approx.  H.P.  required  to  operate  =  lbs.  per 
legation  in  ft. -f- 16,500. 

F:ie«-tri»  Cranes.  An  electric  travelling  crane  consists  of  a  bridge,  or 
girder,  a  trolley  running  on  the  bridge  and  a  hoist  attached  to  the  trolley, 
•<-d  by  its  own  motor.  The  following  data  are  from 
a  paper  by  S  S.  \V;tlcs  read  before  the  Engineers'  Society  of  W.  Pa. 

L  —  working  load  on  crane,  in  tons;  TT  =  weight  of  bridge,  in  tons; 
t»  —  weight  of  trolley,  in  tons;  £-si>eed  in  feet  per  min.;  P  and  P\  = 
tractive  force  in  ll>*.  per  tou. 


-Bridge. * Trolley. 


/,.  PI. 

1  to    2.'>  tons         0.37,  30  Ibs. 

ivi  ••:.•)"  \L        36   " 

75  "  150     "  .:./.  40     " 

H.P  for  bridge     7'.S'< /,  + H'  + ?/•) -^33.000.   (Tse  motor  l..">     times  as  large. 
H.P  for  trolley     PtS(L  +  w)-t-Z3MQ          ("        "      1.25      "      " 

hoj-t    -L.S+10(-1  H.P.  per  ton  lifted  10  ft    in  one  minute). 

Speeds  in  Feet  i>er  Minute  (Ing.  Taschenbuch). 

5  ton-.  25  tons.  50  tons.  100  tons. 

14 to    28  lOto    12  6to7.5  5 

•»'>       :;<)()          1  10  "  210         130  "  200  120 

so    '  120  50  "    75  35  "    55  25  to  35 
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Paint  and  Painting. 

One  gallon  of  linseed  oil  plus  40  Ibs.  of  white  lead  will  cover  250  to 
350  sq.  ft.  of  outside  work  with  a  good  first  coat.  The  same  quantity 
will  second-coat  and  finish  from  350  to  450  sq.  ft.  White  lead  when  used 
on  inside  work  turns  blackish-yellow  on  account  of  exposure  to  the  sulphur- 
ous fumes  from  gas  or  coal.  White  zinc  is  accordingly  preferable  for  inside 
work,  but,  having  less  opacity,  more  coats  are  required. 

For  iron-  and  steel-work  red  lead  (40  Ibs.  per  gal.  of  oil)  is  an  expensive 
but  durable  covering.  To  prevent  blistering  on  outside  work  boiled  oil 
should  be  used.  Turpentine  only  should  be  used  for  thinning.  Knots  and 
pitchy  surfaces  on  wood  should  be  coated  with  shellac  varnish,  and  al! 
grease,  scale,  acid,  and  moisture  should  be  removed  from  metal  work 
before  painting.  Graphite  mixed  with  linseed  oil  and  laid  on  in  fairly 
thick  coats  makes  a  good  paint  for  metals.  Iron  pipes,  stacks,  boiler 
fronts,  etc.,  are  varnished  with  asphaltum  thinned  with  turpentine. 


ELECTROTECHNICS. 


II   I  (    IKK       <   I    KKI   N  I  v. 

Ke-istanre  f-yrnbol   R)   i-   that    property  of  a  material  which  <>; 
the   Mow   uf  :in   electric   current    through   it.      The  unit   of  measurement    i* 
the  oliin.  which  i-Oi  re-i-tance  equal  to  that   of  a  column  of  pure   mercury 
at  0°  *'  .  of  uniform  cro.-s->eci  ion,  l(M»..'i  centimeters  in  length  and  weighing 

ctro-motl\e    Force      -vml.ol  K,  abbreviation    I    \I   I       i-  the  electric 
U«    wliich   force*-   a   current    through  a   resi-tance.       The   unit    of   inea- 
iireiiient   i~  the  volt,  the  value  of  which  is  derived  from  the  standard  Clark 
rl.ll    IThoM    I     M-l  !•    I    1:1>    rott* 

Curr'-nt    •  /  i.      An    r.. M.r.   applied   to  a   resistance   will   cause  a   flow  of 

electricity    which    i-   termed   a   current.      The   unit    of   measurement    i-   the 

he  current   which  flows  through  a  resistance  of  one  ohm  \\hep 

ilijecreil  toan  K.M.  I  .  of  one  volt.      ( >ne  ampere  is  the  amount  of  current 

n-qu;  •  olytically  deposit  0.001118  gram  of  silver  in  one  ?ecou,|. 

on.iniitv        '  .      The   (juantity   of  electricity   passing   through   a    . 

i    of    con.luct  ir    i-    measured    in    coulombs.      One    rouloml)    i^ 
the  ipiantity  of  elect  ricity  which  flowr  past  a  given  n  <  f  a  con- 

duct, "d,  there  being  a  current  of  one  ampere  in  the  conduct    r. 

C.i|).u  ity  ((')  is  that  property  of  a  material  by  virtue  of  which  it  is 
able  to  receive  ami  -tore  up  ia-  a  eonden-er)  a  certain  charge  of  electricity, 
•idenser  of  unit  ca--acity  i-  one  that  will  be  chargetf  to  a  potential 
<,f  one  volt  by  a  quantity  of  one  coulomb.  The  unit  of  capacity  i-  the 
farad,  which  i-  too  lar^c  for  convenient  use, — the  microfarad  (one  millionth 
of  one  farad)  heimr  employed  in  practice. 

I  Iccti-ir    lincriiv       II   i.    or    the    work    performed    in   a   circuit    through 

which  a  current    flow>,  i-  mea-un-d  |,\    a  unit   called  the  joule.      One  joule 

ill   to  the   work   done  by  the   flow  of  one  ampere  through  one  ohm 

for   OIK -ond. 

I  I.  (tin  Toner  /'  \M  mea-ured  in  watts.  One  watt  is  equal  to  the 
\\ork  done  at  the  rate  of  one  joule  per  second.  One  H.P.  =  7t'i 

,.:,it      ii7-!7:i    It. -II.-.    per    sec.,     =0.0009477    B.T.U.    per    f,-.      One 

l.'MM     M  H.P. 

^iihdi\  i-i  .11-    and    .Multiples    of     I'liitx    are   e\pre—ed    by    (lie    u-e    of 

llowing   pretixe-.    ( >ne  millionth,  micro;    one-thousandth,   mill!;    m-o 

million.    m»«  a  .     one   thousand,    kilo   (e.g.,   microhms,    microfarad-,    milli- 

m-iz..lim-,   megavolts,   kilowatt-,  etc.). 
Aids  to  .1   <  .UK  cption  of   Electrical  .Magnittides.      ()n.-..hm 

pper  wire  (i    in.  diam.)    ap| 

of  40:1  It   copper  wire  ( ,\.   in.   diam.  i  api>ro.\.      O|1(.   volt    ^90% 

haniell   cell  i  Xn,  Cu,  and  a  solut  ion  of  copper  sulphate), 

66%   of  the    K.-M  !•'     of   a    I.oclanch-'   «-ll    M-arboti-/inc   telephone   Lattery), 
approx. 

A  2.000  candle-p.,wer  (c-p  )  direct  current  arc  lamp  ha-  a  current  f>f 
about  10  ampere-  Bowing  through  it.  ami  an  K.M.F  between  the  carbons 
Ol  about  45  vol'  •  (in-ntly  reimire-  450  watts  of  electric  power. 

130 


ELECTRIC    CURRENTS. 


131 


An  ordinary  16  c.-p.  incandescent  lamp  on  a  110-volt  circuit  requires  about 
0.5  ampere,  its  resistance  being  about  220  ohms  and  its  power  consumption 
about  55  watts. 

Ohm's  Law.  If  E  is  the  difference  "of  potential  (E.M.F.)  in  volts  between 
two  points  in  a  conductor  through  which  a  steady,  direct  current  of  / 
amperes  is  flowing,  and  the  resistance  of  the  conductor  between  the  two 

points  is  R  ohms,   then  1 =-5,  or  E  =  IR. 

Divided  Circuits.  If  a  current  arrives  at  a  point  where  several  paths 
are  open  to  its  flow,  it  divides  itself  inversely  as  the  resistances  of  these 
paths,  or  directly  as  their  respective  conductances.  (The  conductance  of 

a  circuit  is  the  reciprocal  of  its  resistance,  or  •=-!      t'i  :  12  '•  t'a  =  —  :  —  :  — , 

R  /  r\     r2     r3 

etc.,  and  i'i  + 13  + 13  =  !• 

The  total  conductance  of  the  branched  circuits,    -5-= — I h  — ,  etc.,  and 

/C        T\        T*>       T'£ 

the  reciprocal  of  this  value  equals  the  joint  resistance  of  the" several  paths. 

For  two  branches  -=•  = 1 ,  and  R  =  — 7-^-. 

R      r\      r-y  T\-\-r<i 

KirchofTs  Laws.  1.  The  sum  of  the  products  of  the  currents  and 
resistances  in  all  the  branches  forming  a  closed  circuit  equals  the  sum 
of  all  the  electrical  pressures  in  the  same  circuit,  or  IE  =  I(IR).  2.  At 
every  joint  in  a  circuit,  J7=-0.  or  the  sum  of  the  currents  flowing  toward 
the  joint  equals  the  sum  of  the  currents  flowing  away  therefrcm. 

Resistance  of  Conductors.  The  resistance  ft  (in  ohms)  of  a  con- 
ductor'of  length  /  (in  cms.)  and  cross-section  *  (in  sq.  cms.)  is  R  =  d-s-s, 
where  c  is  the  specific  resistance  of  the  material  (the  resistance  between 
two  opposite  faces  of  a  cube  1  cm.  long  and  1  sq.  cm.  cross-section). 

Specific  Resistances  at  0°  C.  are  given  in  the  following  table.  When 
any  higher  temperature  is  taken,  add  as  a  correction  b X  c.'egs.  C.  above 
0°. 

Specific  re- 
sistance in 
microhms. 

Silver 1.468 

Copper 1.561 

Gold? 2.  197 

Aluminum 2.  665 

Zinc 5.751 

Iron 9.065 

Platinum 10.917 

Dilute  Sulphuric  Acid. 

Per  cent  wt.  of  H2SO4  in  solution  .  .  5  15  30  45  60  80 
Sp.  res.  at  18°  C.  in  ohms 4.8  1.9  1.4  1.7  2.7  9.9 

(For  each  deg.  C.  rise  in  temp,  subtract  1.4%  from  above  values.) 

Joule's  Law.  If  a  current  of  7  amperes  flows  through  a  resistance  of 
R  ohms  for  t  seconds,  the  heat  developed,  =  1-Rt,  in  joules  or  watt-seconds, 
=  0.239727fr  gram-calories,  =0.0009 477 PRt  B.T.U. 

The  heat  developed  is  equivalent  to  the  energy  causing  the  current 
flow.  Rate  of  expenditure  of  energy,  in  watts,  =  EI  =  I*R.  Energy  in 
joules  or  watt-seconds  =  EIt  =  I2Rt. 

Electrolysis  is  the  separation  of  a  chemical  compound  into  its  con- 
stituent elements  by  means  of  an  electric  current.  Two  plates  or  poles 
(electrodes)  are  inserted  in  the  compound  or  electrolyte,  the  electrode 
of  higher  potential  being  called  the  anode,  and  the  other  the  cathode.  The 
products  of  the  decomposition  are  called  ions.  A  current  7  amperes 
flowing  through  an  electrolytic  bath  will  deposit  a  weight  of  G  grams  in 
/  units  of  time. 

G^kalt,  where  a  is  the  chemical  equivalent  of  the  substance. 

If  t  is  in  seconds,  £=0.000010386;  if  /  is  in  minute*,  £=0.0006232, 
and  if  t  is  in  hours,  £=0.03739.  The  electro-chemical  equivalent = grams 
per  coulomb. 


b. 

0.004 
.00428 
.00327 

Nickel  
Tin  
Lead 

Specific  re- 
sistance in 
microhms. 
.  .    12.323 
.  .    13.048 
23  38 

b. 

0.00622 
.0044 
00411 

.  00435 
.  00406 

.00ti25 
.  003669 

Mercury  
German  silver. 
Carbon  

.    94.07 
.  .  29.982 
.  .   4,200  to 
40,000 

!  00072 
.000273 
-0.2 
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t, 

(  llBBM   DM        P'-r 

nl>.      amp. 

a. 

Grams 
Grams  per      per 
coulomb.      amp. 

hour. 

hour. 

B 

0. 
6    . 

00009317  o 
00032"-'  )  1 

<  >xygen.  .  . 

IS!.",      I'latiiniiii.   . 

8 
97. 

a 

0.  00008309  0 
.00101 

2991 

66 

» 

000671HM  -' 

39 

.1)1  II  Ml  ).-.(».-,   1 

00107  IM  ; 

107 

7 

.001  1  lv-,7  1 

9 

rin  

7 

19  IK 

90 

3 

000301  :l   1 

I 

2114 

i 

6    . 

000048400 

171-- 

Aluminum 

' 

" 

S 

(To  in.js  |>er  ampere-hour,  multiply  grams  per  ampere-hour 

by  0.0022046.) 


ELFCTKO-.M  U.NF.TISM. 

I,lne-  of   l'or<  e.      U'lien  a  current  -tart-  to  flow  in  a  conductor,  whirls 

of  magnet  i-m   are  generated  around   the  conductor  \yhich  seem   to  spring 

from  'id  the  region  so  filled  with  these  whirls  increases  radially 

the  current  increa-es.  remain-  con-tarn  when  a  steady  current 

:nned.  and  snrinks  radially  to  nil   when  the  current   i-  interrupted. 

If  the  conductor  is  bent  into  a  loop,  an  elementary  electro-magnet  is 

^ ^ formed,  with  a  pole  on  either  side  of  the 

^/-^V^--^»^-<-»-^-Cv          plane   of   the   loop.     If   the   conductor   be 

ii0fa*4@fa){v%)li,w?)*l*         wound  into  a  number  of  loops  along  the 

\o*£    ^'* Vlrr^u'i-r- '/          surface  of  a  cylinder,  a  solenoid  is  formed 

-1^-~- -  +  —  4--'  and  the  whirls  so  add  themselves  together 

,  —  ,7_^*~""*"-;~^  that    they    may    be    eon.-idered    as    : 

/'^\//^\/^\/^\Ni         entering  the  solenoid  at  all  points  of  the 


Fig.  27. 


section  at  one  end,  pas-ing  along  inside 
parallel  to  the  axis  of  the  solenoid  to  the 
other  end,  thence  emerging  and  returning 
« nit  side  in  curved  paths  to  the  point 
first  considered  (Fig.  27). 


These  loops  are  termed  lines  of  force,  and  their  number  depends  on  the 
number  of  spirals  of  conductor  in  the  solenoid  and  the  number  of  amperes 
of  current  flowing  through  them,  or,  as  it  is  expressed,  by  the  number  of 
ampere-turns. 

The  Intensity  of  the  Magnetic  Field  (-TC)  at  any  point  is  measured 
by  the  force  it  exerts  on  a  unit  magnetic  pole,  the  unit  intensity,  there- 
fore, being  that  which  acts  with  a  force  of  one  dyne  upon  a  unit  pole, 
or  one  line  of  force  per  sq.  cm.  (A  dyne  is  the  force  which,  acting 
for  one  second  upon  amass  of  one  gram,  imparts  a  velocity  of  one  centi- 
meter ]>er  second.  ) 

Magneto-motive  Force  f.Ti  i-  the  magnetizing  force  of  an  electric 
current  flowing  in  a  coil  or  solenoid  and  is  usually  stated  in  ampere-turns. 
5— 4*n/-*-10-1.2.r>7»/,  where  n  is  the  number  <>f  turns  or  loops  of  the 
conductor  and  /  the  current  in  amperes.  The  unit  for  :T  is  called  the 
uilbert  and  i-  eimal  to  0.7958  ampere-turns. 

The  Intensity  of  the  Magnetising  Force  per  unit  length  of  solenoid 
(3C)  =  4  xnl-*-L  =  \.2-~y7nI  -s-L,  where  /T=length  in   cm.      If  Z/i=length  in 
••-.  .1C  =0.49f>n/H-  /.,  or,  if  expressed  in  line-  per  sri.  in.,  .TCi  =3.193n/ 
M.I-IH  tic    Induction    n»>>    i-   the   magnetic   flux  or   the    number  of 
line-  of  force  per  unit  area  of  cn>-— ect ion,  the  area  at  every  point  being 
normal  to  the  direction  of  the  flux.     (B  =  /t.TC,  where  n  is  the  permeability. 
The  unit  i-  the  K:IU--.  or  one  maxwell  j>er  normal  sq.  cm. 

^1  igneflc    I'luv  (*)  is  equal  to  the  average  field  intensity X area. 
nit    i-  the  maxwell.  <>r  the  flux  due  to  unit  magneto-motive    force 
M  M  I'      -Atii-ii   the  reluctance  i-  one  oersted. 

B«luctan<  he  re-i-tance  offered  to  the  magnetic  flux  by  the 

al   undergoing  magnetization.     The  unit  is  the  oersted,  or  the  re- 
•  •  offered  hv  one  cubic  centimeter  of  vacuum. 
Magnetic  Susceptibility,  -O-S+3C. 


*  B,  F,  and  //  are  commonly  used  in  place  of  (B,  5,  and  3C. 
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Reluctivity  (v)  is  the  reluctance  per  unit  of  length  and  unit  cross* 
sect  on,  =1-5- .!.  Maxwells  =  gilberts  -f-  oersteds. 

Hysteresis.  When  a  magnetic  substance  (e.g.,  iron)  is  magnetized, 
the  intensity  of  magnetization  does  not  increase  as  rapidly  as  does  the 
magnetizing  force,  but  lags  behind  it.  This  tendency  is  termed  hysteresis, 
and  it  may  be  considered  as  an  internal  magnetic  friction  of  the  molecules 
of  the  substance.  Continued  rapid  magnetizing  and  demagnetizing  will 
cause  the  substance  to  become  heated.  Hysteresis  (h)  may  be  calcu- 
lated by  the  following  formula  due  to  Steinmetz:  h  (in  watts)  =  i?(B1-eA-nlO~7, 
where  k  =  volume  in  cu.  cms.  and  n  =  number  of  complete  cycles  of  mag- 
netization and  demagnetization  per  second. 

!?. 


Very  thin,  soft  sheet  iron.  .  ..    0.  0015 

1 '     soft  iron  wire 002 

Thin    sheet  iron  (good) 003 

Thick     "        "     0033 

Ordinary  sheet  iron 004 


Soft,  annealed  cast  steel 0.  008 

'     machine  steel 0094 

Cast  steel 012 

Cast  iron..  .. 016 

Hardened  cast  steel 025 

The  Magnetic  Circuit.  Magnetism  may  be  considered  as  flowing  in 
a  magnetic  circuit  in  the  same  manner  as  an  electric  current  does  in  a 
conductor  and  the  following  relation  holds: 

,,         ,.    ~,  Magneto-motive  Force       ,.  ,      . 

Magnetic  Flux  =  —  ,  which    is    analogous    to    Cur- 

Keluctance 
E.M.F. 
rent  = 


. 

Resistance 

0=$-H(R.     Reluctance,  (R  =  Z-f-/(a,   where   Z=length  of  magnetic  circuit, 
a=area  of  cross-section   and  /*  =  permeability  (see   Dynamos).     0=5-r-(R, 

5  =  1.2o7nl:    .*,  n/  =  -  ^-—  =0.79580—  ,    where   I  is   in   cms.  and  a  in 
- 


sq.  cms.     When  /t  and  a,  are  in  inch  measure,  «/  =  0.3132-*/t  -=-  ,ta\. 

Induction.  If  a  conductor,  of  length  dl,  is  moved  in  a  magnetic  field 
(of  strength  3C)  with  a  velocity,  v  (the  conductor  making  the  angle  a 
with  the  direction  of  the  lines  of  force  and  the  direction  of  motion  being  at 
the  angle  ,?  with  the  plane  passing  through  the  conductor  in  the  direction 
of  the  lines  of  force),  the  induced  electromotive  force,  dE  =  3Cv  sin  a  sin  0dl, 

or,  E=  I  K.V   sin  a  sin  0dl.     When  a  =  3  -=90°,    E  is  n  maximum  and  is 
equal  to  3CrJ10~8  volts,  when  v  is  stated  in  cms.  per  sec.  and  I  in  cms. 
The  mean  E.M.F.  of  the  armature  of  a  two-pole  dynamo,  R~*~~AQ  — 

volts,  where  0  is  the  total  number  of  lines  of  force  flowing  between  the 
pole-faces,  n  the  number  of  active  conductors  on  the  armature,_and  N 

=  r.p.m.     In   a    series-  wound    multipolar    dynamo,    E  =  -^  —  —  -  volts, 

and  in  a  multiple-  wound  multipolar  dynamo,  E  =  4>\nN10~s-i-6Q,  where 
0i=  no.  of  lines  flowing  between  one  pair  of  poles,  and  p  =  no.  of  pairs  of 
poles. 

The  Direction  of  Currents,  Lines  of  Force,  etc.  The  lines  of  force 
in  a  magnet  or  solenoid  flow  from  the  south  pole  to  the  north  pole  and 
return  outside  to  the  south  pole.  The  north  pole  of  a  magnetic  needle  when 
brought  near  a  magnet  points  in  the  direction  of  the  lines  of  force. 

To  determine  the  direction  in  which  a  current  flows  in  a  conductor, 
place  a  compass  underneath  it.  If  the  north  pole  of  the  needle  points 
away  from  the  person  holding  compass  (who  is  at  one  side  of  the  con- 
ductor) the  current  is  flowing  to  his  right. 

To  find  the  direction  of  a  current  flowing  in  a  coil,  find  the  north  pole 
by  means  of  a  compass,  the  north  pole  of  which  will  be  repelled  by  the 
north  pole  of  the  coil  or  magnet.  Then  place  the  right  hand  on  the  coil 
with  the  thumb  (at  right  angles  to  the  extended  fingers)  pointing  in  the 
direction  of  the  north  pole  and  the  current  will  be  flowing  in  the  direction 
in  which  the  fingers  are  pointing.  If  the  direction  of  current  is  known, 
the  north  pole  may  be  similarly  determined. 

The  positive  (  +  )  pole  of  a  generator  of  electric  current  is  the  one  from 
which  the  current  flows  into  the  external  circuit.  In  primary  batteries 
the  zinc  is  negative,  copper,  carbon,  etc.,  being  the  positive  poles. 


of   an    Induced    Current.  —  If   the    bttOT    N    be    drawn    -n    the 

of  the 

moved    Pa-t    it,.-    P..I-    ...    a    Plan,.    parallel    to    the    polo   far,.,    t  he 

•     ,.,,rrei,l     11,-w    will    IN-    ,  letor.mncd     by    tin-    motion    ot     the    point 

,.l    th.-    r,,i.ductor    an-  1    tin-    oblique  lUM    in    tJM 

.    roi.ductoi  n   loft    tr,  right  ,  the   p-.int   of 

below,  which  indicates  the  direction  Of 

the  induced  current. 


i  i  i  <  TKO-M  U.M.TS. 

Traction  or  Lifting  Power.  If  a  bar  of  iron  he  bent  into  the  shape 
,,f  ,(,,.  ,|  coils  ..f  in.-iilated  win-  an-  Wound  upon  the  limbs,  t  ho 

,.|iM-ir..-ni»KiiiM  tlm*  f..niii'«l  iwhi-n  a  rurriMit  is  fiowinK  through  tin-  c,,il>) 
will  havr  :i  liftin«  or  hol.liiiR  power  on  earn  limb  of  P  (in  IW.)  /^LV/  -f- 
72  m.(XM).  whi-n-  /<  no.  of  lines  of  force  per  MJ.  in.  of  iron  BectlOB  and 
,i  i-  the  area  of  one  pole-face  of  the  magnet.  The  number  of  arnpere- 

turns   i-   the  roils  necessary  to  produce  the  pull,  P-n/  =  2,661  —Vp-i-a, 

I  i-  the  length  of  the  magnetic  circuit  in  inches  and   ».  the  permea- 
biliiy.      H  may  be  taken  at  110.000  for  \V.  I.  an.!  mild  steel. 

niila  i-  ii>ed  when  the  keei»or  or  armature  i<  in  contact 
\sith  the  pole-face-.  If  the  keeper  (by  which  the  weight  to  be  lifted  or 
held  is  -upported  >  i>  distant  j  inches  from  the  pole-face.-,  then,  n!  =  2zXB 

If  the  iron  is  of  «o<xl  quality  and  far  from  saturation  the  nurnlxr  of 
amp«'re-turn-  required  to  force  the  flux  through  the  metal  part  of  the 
circuit  i-  <m:dl  enough,  comparatively,  to  be  negligible,  and  the  formula 
value,  which  is  the  ampere-turns  required  to  force  the  flux  across  the  air- 
gaps,  may  be  taken  as  the  total. 


Fig.  28. 


An  iron-clad  magnet  which  may  \>e  similarly  considered  ia  shown  by 
the  part  Alic  m  ]•  jK.  2S;  t  ho  cylindrical  core  C,  however,  should  extend 
through  the  coil  to  the  plane  A  ft. 

Plunger  Electro-Magnets.  Fig.  28  shows  an  electro-magnet  of  the 
iron  clad  or  jacketed  type,  which  is  provided  with  a  movable  plunger  or 
l>.  an  inner  projecting  core,  C,  and  a  guide  or  "stuffinc-box,"  F.  . 
The  air-gap  is  indicated  \>y  z  and  .r  is  the  stroke  of  the  plunger  or  its  range 
of  motion,  which  must  be  less  than  z  in  order  to  meet  the  conditions  in 
in  de-iKning  for  certain  specified  pulls  at  the  beginning  and  end  of  stroke. 

Pull     in     lbs.  =  P  =  aB2+72,  134,000    (1).     #  =  n/-0.31  Maxi- 

mum pull  (at  end  of  stroke)  =  Pg.     Minimum  pull  (at  beginning  of  stroke)  =» 


Pi.     Let    v- 


~, 


then 


-*    and 


(3).    At 
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the   beginning   of   stroke,    fijzX0.3133  = 
0.3133#{/(z  —  x)  =n/,    consequently 

-?--  =  Bg  +  Bi  =  ^y~    and 


and,    at    the   end    of   stroke, 


-l  (4). 


Let  d  =  diam.  of  core  in  in.,  then,  a  =  0.7S54rf2,  and,  from  (1),<J  = 
9,580^7^  #<  (5),  which  determines  d  if  #,  is  fixed  upon. 

If  rf  is  fixed,  #j  =  9,5SO^Pi  +  d(oa).  1  rom  (2),  n/  =  3,000*^-^  (6)( 
which  allows  the  calculation  of  the  ami  er  .-turns  if  d  has  been  decided 
upon.  Length  of  winding  bobbin  in  in.  =  L;  available  winding  depth  in 
in.  =  !T;  mean  length  of  one  turn  in  in.  =  -U;  sectional  area  of  coil  in  sq.  in.= 
LT;  winding  volume  =  MLT.  If  the  actual  permissib'e  current  density 
over  the  gross  section  is  0,  then  nI  =  0LT,  or,  LT  =  nI  +  0  (7).  For 
momentary  work  /?  may  be  from  2,000  to  3,000  amperes,  if  the  magnet 
is  well  ventilated  and  provided  with  radiating  surfaces.  For  continuous 
use  over  several  hours,  .5  =  300  to  400  amp.  From  (6)  and  (7),  T  = 
/Pi  +  fldL.  Assume  that  L  =  z,  then,  if  ft  is  taken  at  2.000,  T  = 
i-*-d  (9).  j»f  =  jr(0.25  +  d+7T)  (10),  assuming  that  the  core  of 
bobbin  and  clearance  add  0.25  in.  to  rf.  Current  density  in  copper  (amperes 
per  sq.  in.)  =a;  diam.  of  bare  wire  =  <J,  do.  of  insulated  wire=  3l;  R  = 
resistance  in  ohms;  r\  =  resistance  in  ohms  per  inch  of  wire;  «  =  sectional 
area  of  wire  in  sq.  in.;  <»  =  space  factor,  =total  copper  sect  ion  -t-LT7;  V  = 
volts  at  terminals;  w  =  watts  used;  VI  =  I2R.  p  =  resistance  in  ohms 
per  cu.  in.  of  coil  space.  If  /  is  given,  n/-^/  =  n;  p  =  nI  +  LT;  p  = 
0.8a,9-K/2Xl06);  «  =  7  •*-<*,  and  V  =  w  +  I. 

If  F  is  given.  7  =  ir-i-F;  n  =  V  +  Mnl,  or,  A  per  1,000  ft.  =  12,OOOFH-3fn7; 
S  =  0.001^  Mnl-^-  V;  *  =  0.8A/n7-H  FX  10°;  a  =  0.7854*2-5-^2;  LT  =  ns-i-a, 
an.l  .}f  =  4l7dw-!-az^Pi. 

If  a  solenoid  is  provided  with  an  ample  and  well  fitting  iron  guide  or 
stuffing-box  at  the  end  at  which  the  plunger  enters  the  coil,  the  effect  of 
its  presence  will  be  to  bring  up  the  field  at  the  point  when  the  plunger 
is  just  entering  to  the  intensity  which  exists  at  mid-length  of  the  solenoid. 
The  maximum  pull  (when  plunger  has  reached  the  bottom  of  the  coil) 
is  one-quarter  of  that  calculated  from  equation  (1).  If  the  permeability 
of  the  iron  is  known,  B  can  be  found  from  tables. 

Calculation  of  a  Plunger  Electro-Magnet.  A  number  of  designs 
should  be  made  and  the  calculations  tabulated  in  order  to  determine  the 
most  economical  one,  in  weight  of  copper  and  in  watts  required. 

Example:  It  is  required  to  design  an  iron-clad  coil  to  give  an  initial 
pull  of  25  Ibs.,  increasing  to  100  Ibs.  at  the  end  of  a  stroke  or  range  of 
2  inches,  E.M.F.  supplied  being  100__volts.  for  intermittent  work. 

Po=100;  Pi  =  25;  x  =  2;  y  =  4;  ^/y~=2;  2  =  4;  Vp,  =  5.  n/rf  =  3,OOOX 
4X5  =  60,000;  fi,d  =  9,580X5  =  47,900,  and  £j/  =  47,900X2  =  95,800. 


d  in  inches = 

nl = 

Bi.  . 


1 

60,000 
47,900 
95,800 


-Trial  Values. - 
2  3 


30,000 
23.950 
47,900 


20,000 
15,966 
31,932 


4 

15,000 
11,975 
23,950 


Let  /?  =  2,000,  <j  =  0.5;  then,  n 
will  allow  from  10.000  to  30,000 
properly  ventilated) 

d  in  inches = 

LT.  .  .  .  .  = 


=  4,000.     Then,   for    T~<3   in.    (which 
amp. -turns   per  inch   length   of  coil,  if 


T 

M 

MLT 


Copper,  Ibs =       63.73 


1 

2 

3 

4 

30 

15 

10 

7.5 

10 

5 

4 

3.75 

3 

3 

2.5 

2 

13.36 

16.5 

18.07 

19.65 

100    X 

247.5 

180.7 

147.4 

.09 

.07 

.06 

.0543 

.006413 

.  00396 

.  00289 

.  002357 

•'.")  (>.") 

15.84 

11.56 

9.428 

339 

1894 

1730 

I  .V.H 

565 

1584 

1156 

942.8 

63.73 

39.  3P 

28.73 

23.44 

-iiniilil  read      Pull  in  kilograms  - 

,./.      M.665.000    uid    2       it     "I     0.795J    where  £  i«  the  .flux  density  in 

i    z     KIIP  length   in   cm. 

.  -,..,!.-!  .-it  the  International 

CbngraH,  Bl  ''     ,l!""": 

be    .•,,ml,iiii.,|     into     the    form    P  'Jte)-. 

-h.-.t     this     , 

•..•omplete  and  offer*  the  following  formula:  I  nil  at  any  point 
/.,  P-a(n/  +  2.6Mr)2  +  «/.,/',Oi/-A  -.  :  n.  I/.  IO.IHD  - /.  •  ..  where  L- length  "f 
winding  »r  -oil-mud.  /n— distance  plunger  ha-  entered  t  lie  coil,  fro;: 

•  img.  /'.  an. I  /.   having  tin-  value-  gi\en  in  t  lie  succeeding  paragraph 
•  m    "Sii|cn«i;,|    :uul    Plunger."  • 

Solenoid  and  I'liiiim-r.     The  ampere-turn*     ••/•  required  to  prodao* 

a  pull  of  /'  lit*,  on  :•  plunger  of  Swedi-h  iron  may  be  calculated  from  the 
following  fumi.il.t-.  which  are  due  to  C.  It.  Cnderhill  <  K.  NN  .  «fc  K ...  •"'  W 

n/='[10,OOOP-A(P-/>e)]  +  P,;  >1-0.01\  »I;  rf-0.1128vn/;  where 
Pe  =  pull  in  Ibs.  on  1  sij.  in.  of  plunjcr  sc<tion  when  nl  =  10.000.  A=area 
•.on  in  sq.  in.,  and  A:=-=an  empirically  determined  factor.  l'r  and  k 
are  to  be  determined  from  the  following  formula-  which  have  been  derived 
by  the  compiler  from  curve-  in  the  original  article:  Pr  =  U02.73  +  0.2105L)-5- 
(1.684  +  L);  A  =  (60 .000 -:i, OOO//) -4- (/.  +  18),  where  L  =  length  of  plunger 
(and  generally  that  of  solenoid)  in  in. 

In  calculating,  add  10%  to  P  desired,  and  the  range  through  which  it 
will  be  practically  uniform  will=0.5L. 

Example:  For  a  pull  of  30  Ibs.  over  5  in.,  P  =  30X1.1=33;  L  =  5X2  = 
10  in.;  Pe  =  8.973;  fc  =  l,285.7;  n/  =  33,334;  A  =  1.83  sq.  in.;  d*- 1.523  in. 
From  an  examination  of  the  data  employed  by  Mr.  Underbill  the  compiler 
ha^  deduced  the  following  formula,  which  is  much  simpler  and  sufficiently 
accurate:  n/  =  96P(L  +  l). 


CONTINUOUS-CURRENT    DYNAMOS. 

Connections  and  Flow  of  Current.       Series-would  dynamo:    Arma- 
ture—field magnets  —  external  circuit—  armature. 

Shunt  -wound  dynamo-  Armature-  j  fxterna^rcuit  1  "^mature. 
Compound-wound  dynamo,  short  shunt: 


Compound-wound  dynamo,  long  shunt. 


serie,  coiU-  coil, 


(In  the  brackets  the  current  divides  between  the  paths  in  the  upper 
and  lower  lines  inversely  as  their  respective  resistances.) 

Efficiencies  of  Dynamos.  Let  /?=K.  M.I',  in  volts;  7  =  armature 
current  in  amperes;  e  =  volts  at  terminals  of  dynamo;  t  =  amperes  in  ex- 
ternal circuit;  is  =  amperes  in  shunt  coils;  HI  total  \\atts;  ei  =  useful 
watts  in  external  circuit;  72i=armature  resistance;  fit^eariev-eoil  re- 
.-i-tance;  ^3  =  shunt-coil  resistance;  r  =  resistance  of  external  circuit 
(all  resistances  in  ohms).  -Af  =  r.p.m.;  i}e  =  electrical  efficiency  =-ei-s-EI; 
i)m  =  commercial  efficiency  =  ei-*-  746  XH.  P.  Then  for  magneto  and 
rately  excited  dynamos,  ^e  =  e-^-E  =  r^-(r  +  Rl);  for  series-wound  dynamo-, 
i^  =  e-i-E  =  r-i-(r  +  Rj  +  R2):  for  shunt-wound  machine  /-.'/ 

t"-V  -s-  (  i'^r  -f  ia-Rz  4-  I2R\  )  ;      for     compound-wound,     short-shunt       <lynarn-i-. 
//   •  i-r~[i-(r  +  R2)  +  i«'2R3  +  t2Ri];       for     compound-wound,     long- 
shunt  dynamo--.  ,,  -  ei+KI  -  i2r  -5-  [|2r  -f  I-'(R,  +  R2)  +  is*R3l 

The  Armature.  Let  flfM  number  of  coils  on  armature  and  n2  =  number 
of  turns  |>er  coil;  tlion,  the  number  of  active  conductors  f,,r  a  ring  armature, 
n«  —  nin2.  —  for  a  drum  armature.  I  !;,-  1  M  I  •/•/(,  ,<tlO-sH-60. 

where  «  is  the  number  of  revolution!  p.  r  minute.  The  cro.—  -ection  of 
the  armature  iron,  a  =  t  +  B,  \\  he  -,-  1',  ](),(M)0  to  Ki.OOO  lines  per  sq.  cm. 
(65,000  to  100,000  lines  per  sq.  in.)  for  soft  charcoal-iron  discs,  the  lower 
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values  for  multipolar  machines.  (For  the  air-gaps  take  only  about  40% 
of  those  values.) 

In  order  to  avoid  sparking  Kapp  states  that  B  should  equal  or  exceed 
2,500(w/)i -f- ((?»/)] —  (w/)L>J  for  ring  armatures  (for  drum  armatures  take 
60%  of  value  for  ring  armature),  where  (n/),  is  the  number  of  ampere- 
turns  required  to  overcome  the  reluctance  of  the  air-gap,  and  (n/)2  is  the 
number  of  back  ampere-turns  of  the  armature.  [(n/)^  =  no.  of  conductors 
included  by  one  pole  -  f  ace  X  current  strength  in  amperes.] 

The  current  in  the  armature  sets  up  a  magnetization  opposed  to  that 
of  the  field  magnets,  and  the  effective  field  is  the  resultant  of  the  two. 

The  external  diam.  of  armature.  d,—ktyEl+N\  (J.  Fisscher-Hinnen), 
where  ;.  =  length  of  armature -e-rfe.  For  ring  armatures,  k  =  11. 5  when 
de  is  in  cm.  and  =4.6  when  de  is  in  inches;  x  =  0.5  to  1.4.  N  =  r.p.m.  For 
drum  armatures,  k  =  10  (d,  in  cm.),  and  =4  (de  in  in.);  x  =  0.75  to  2.8. 

The  diam.  of  hole  in  armature  disc,  di  =  (0.7  to  0.8)rf«  for  ring  armatures 
and  (0.3  to  0.6)d«  for  drum  armatures.  The  peripheral  speed,  s,  should 
not  exceed  50  ft.  per  sec.  (15  meters)  for  small  armature.-,  and  80  ft. 
per  sec.  (25  m.)  for  large  armatures.  (In  exceptional  cases  it  may  reach 
100  ft.  per  sec.  as  for  steam  turbine  generators.) 

The  length  of  an  armature,  I,  =(1.05  to  1.2)- -7    for   smooth-surfaced 

de  —  di 

armatures.  For  toothed  armatures,  de  is  the  diameter  at  the  bottom  of 
the  teeth.  The  cross-section  of  the  armature  conductors  is  determined 
by  allowing  600  to  800  circular  mils  per  ampere.  To  find  the  diameters 
of  cotton-covered  wires,  add  the  following  values  to  the  diameters  of  bare 
wires  : 

-     Single-  Double- 
covered,  covered. 

0  to  10                          0.007  in.  0.014  in. 

10  "  18                              .005  "  .01     •* 

18  and  upwards                        .  004  ' '  .  008  ' ' 

In  order  to  avoid  eddy  currents  armatures  are  made  up  of  discs  of  sheet 
metal  (0.015  to  0.025  in.  thick)  which  are  insulated  from  each  other  by 
sheets  of  tissue-paper,  rust,  or  by  japanning  their  surfaces.  A  sheet  of 
good  insulating  paper-board  is  inserted  at  about  every  half  inch  of  length 
and  open  spaces  are  left  about  every  two  inches  to  provide  for  ventilation. 

The  loss  in  watts  due  to  eddy  currents  =  (14. 5  to  l(y.5)Xk(Btp)2X  10~14, 
where  fc  =  cu.  cm.  of  iron  in  the  core,  <  =  thickness  of  discs  in  mm.,  and 
p  =  no.  of  periods  per  sec. 

Armatures,  when  adequately  ventilated  in  order  to  avoid  injurious  heat- 
ing, and  running  at  peripheral  speeds  of  from  30  to  50  ft.  per  sec.,  require 
from  5  to  7  sq.  cm.  (0.75  to  1.08  sq.  in.)  of  external  surface  from  wnich 
to  radiate  the  heat  of  each  watt  wasted  therein.  (Kapp.) 

The  permissible  rise  in  temperature  (40°  to  50°  C.,  or  75°  to  90°  F.)  is 
/  (in  degs.  C.)  =  85.25 W  +  S(l+  0.0305*);  t  (in  degs.  F.)  =153.45flK-*- 
S(l  +0.0305*),  where  W  =  watts  lost  in  armature,  5  =  outside  surface  of 
armature  in  sq.  in.  and  s  —  peripheral  speed  in  ft.  per  sec. 

In  order  to  avoid  fluctuations  of  E.M.F.  and  the  sparking  due  to  self- 
induction,  the  number  of  coils  on  the  armature  should  never  be  less  than 
30,  and  as  much  larger  as  is  consistent  with  the  design.  The  E.M.F. 
between  two  consecutive  segments  of  the  commutator  should  not  exceed 
(45  —  0.27)  volts  for  currents  under  100  amperes,  and  20  to  25  volts  for 
heavier  currents.  The  radial  depth  of  the  windings  on  an  armature  should 
not  exceed  one-tenth  of  the  core  diam.  so  that  the  distance  between  the 
core  and  the  pole-faces  may  be  as  small  as  possible.  The  core  should 
be  well  insulated  from  the  windings  by  means  of  press-board,  canvas,  etc. 

In  driving  the  armature,  each  conductor  opposes  the  motion  by  a  re- 
sistance, or  "drag,"  F  (in  kilograms)  =181-^-9.81  X 106,  where  f  =  length 
of  conductor  in  cm.,  and  fi  =  induction  per  sq.  cm.  F,  lbs.  =  /fi/-M  1,303,000, 
where  I  is  in  inches  and  B  in  lines  per  sq.  in.  7  =  current  in  amperes). 

The  wires  should  therefore  be  secured  against  motion  relative  to  the 
core  surface.  In  small  armatures  the  frictional  resistance  of  the  wind- 
ings is  sufficient,  and  in  toothed  armatures  the  teeth  provide  backing  for 
the  wires.  The  coils  must  also  be  held  in  place  against  the  action  of  cen* 


triftigal   forvp   by   band*  «>f  ('icrman   silver  <>r  stec!   wire   which   are.   tightly 
\\oiind   :i'-iHiinl    t  h«    exterior  of  the  coils   in   the   |>l;inc  of   revolut, 

•  irnni:  01    l.ra/uiK.   and    in   ulated    from    tin-  (oil-    l)\    a    layer  of   nu<-:i 
from   II. UK'   in  O.OL'.-,   in.    thick         liie    hand    iriTM   an-    from    M.OJ    to  0.0s   in 
in  •  I  lain,  and  I  lie  hand-  arc  from  ().<•  to  I  .'2  in.  \\nlc.      The  deal  a  nee  I- 
the  hand-  and  i  he  i>o|e  fa  'c-  -hould  he  from  I)  OS  to  O.'J  in. 

I  lelil    >l. turn-Is.      In    order    that    a    magnetic    flux    of   <l> ,    line-    may   pass 
through    the    ani  mu-t     l.e    a    certain    number    of    ampere 

turn-,   on    the   field    magnet-.      'I  he  dynamo  is   to   lie  con-idered 
magnetic    circuit     through    who-c    -e\cral     part-,    (armature    core,    an 
magnet    core-,   and    yoke  >   the   line-  of   force   flow.       lor  cadi   -eparai. 
$-*H.     an.  ampere  turn-      ///      (l.7!».',S«-»{.        If    /     ,- 

the  letiirt  h  of  the  mean   path  of  t  he  lines  of  force  in  each  part  in  cm.,  and  'i 
the  cro—  -ect  ion  of  ea"h  part  in  ><j.  cm.,  then,  for  the  air  tfap-.  nl      (1.7'- 
for  iron,    nl      i>7!i:,s///,   where  B  =  9  +  a,  II*='li      ".   and    ••      1    for  air.      In 
the  folio  wine  table  B  i*  given  as  a  function  of  0.7958tf     //'.-..that  /-/     //'/, 
i.e.,  //'  is  the  number  of  ampere-turns  required  to  force  It  line-  fir 
1  cm.  length  of  iron. 


Ampere-turns  for  1  cm.  length  of  mean  path  of  lines  of  force  (II'). 
B. 


per   -q.  cm. 

2,000 
4,000 
6,000 

7.000 

8,000 

9,000 
10,000 
11,000 

12)000 

13,000 
14,000 
15,000 
16,000 

17,000 
18,000 


116,100 


Sheet  metal.    Cast  steel.          W.I  <  .  I. 


or,-,                0.5  3 

1.3                   1  6.5 

2.1                    1.7  18 

2.65                 2  31 

3.25                 2.35  48 

4  2.8  72 

5  3.4  97 

6.5  4  133 

8.6  5  17f, 
12  7  232 
18  12 

26.8  21 

40. 6  40 

58  72 

93  120 


The  above  values  are  for  first-quality  American  metals.   (Sheldon.) 
To  find  the  number  of  ampere-turns  per  inch  of  length,  multiply  values 

in  table  by  2.54.     The  value  of  .;c  may  be  found  from  table,  it  being  equal 

to  0.7958 B  +  JI'. 

For  high  densities  such  as  are  found  in  the  teeth  of  sheet-metal  armature 

discs, 


B  per  sq.  cm 

H'  i>er  cm. 


=  19,000 
=       100 


20,000 
184 


21,000 
320 


22,000 

soo 


23,000 
1,450 


Calculation    of   the  Ampere-turns   of  a   Dynamo.     Armature:  *„, 
•la,  and  Ba  are  determined  l>y  the  design  of  the  armature;  fa  is  approxim 
measured   from   the  dimensions   of   the   core   di-c-,   and,   the   value   of  //'„ 
corresponding  to  Ba  being  taken,   (n/)n  =  //'  •/.. 

If  the  armature  i-  toothed,  a  special  calculation  is  necessary;  a,  is  then 
the  cross-section  of  the  iron  in  the  teeth  before  one  pole-face  and  should 
he  of  .such  an  area  that  B,  is  about  19,000  per  sq.  cm. 

Air-Ka;><:  *«ir  =  *<r,  /»ir  =  2),  where  <?  =  distance  from  armature  core 
to  pole-face;  '/air  //>,  where  I  and  b  are  respectively  the  length  of  t  he 
arc  and  the  breadth  of  the  pole-faces.  B&  =  *air  •*•  a^  ami  (n/)»jr  = 


Field:  —  Not  all  of  the  flux  in  the  field  magnets  passes  through  the  arma- 
ture. a  part  being  !«>-t  through  leakage  between  the  poles.  This  stray 
Held  amounts  to  from  10  to  50%  of  t  lie  total  flux  and  the  field  flux  mu<f 
therefore  be  accordingly  greater  than  that  required  by  the  armature. 
The  number  of  h:  in  the  field,  0m=-c0a,  where  c  has  the  following 

values  : 
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,  Capacities  of  Dynamos  in  Kilowatts. 

Types  of  Field  Magnets. 

Upright  bipolar,  yoke  at  top,  c  = 


IQQ      3QQ       5QQ 


Same, — yoke  at  bottom  .  .  .  c  = 
Vertical  double   magnet    (.Man- 
chester).  

Radial  outward  multipplar 

Same,  but  with  inner  poles 


.65     1.45     1.3       1.2 
.45     1 . 28     1.2 

.8  1.55  1.4 

.5  1.32  1.25  1.2  1.18  1.16  1.15 

.4  1.3  1.22  1.18  1.15  1.12  1.1 

Axial  multipolar " 2  1.7  1.55  1.45  1.4  1.35  1.3 

The  sectional  area,  am,  is  calculated  in  accordance  with  the  permissible 
7?m.  which  for  C.I.  is  from  5,000  to  10,000  lines  per  sq.  cm  (32.000  to  64,000 
n^r  so.  in  ).  and  for  W  I.  and  steel  is  from  10.000  to  16,000  per  sq.  cm. 
(65,000  to  103,000  per  sq.  in.).  Then,  (n/)r/l  =  H'mlm. 

If  the  cores,  yoke,  and  pole-pieces  are  of  different  materials,  a  separate 
calculation  of  the  (nl)  for  each  should  be  made  and  their  sum  taken.  On 
account  of  the  reaction  of  the  armature  current  upon  the  field  the 
latter  is  weakened  and  it  is  therefore  necessary  to  add  from  7  to  15% 
to  the  number  of  ampere-turns.  This  amount  may  be  approximately 
calculated  by  the  following  formula  of  Kapp:  Let  0  =  the  shortest  distance 
between  two  pole-pieces;  then,  (nl)g=nolg+  x(de  +  2d),  where  7J0  =  No.  of 
active  conductors  on  the  armature,  d«  =  external  diam.  of  armature  in  cm. 
and  8  =  air-gap  between  armature  core  and  pole-face  in  cm. 

Finally,  the  total  number  of  ampere-turns  required  in  the  field  magnets, 
nl  =  (nl)a  +  (nl)&  +  (n/)m  +  (nl)g  =  zmnm. 

In  series  machines  im  =  /  or  a  fractional  part  thereof.  In  shunt  machines 
im  is  determined  by  the  loss  permissible  in  the  coils  for  excitation.  The 
mean  length  of  one  turn  Lm  (in  meters)  is  previously  calculated;  the 
resistance,  rm  is  calculated  with  regard  to  the  permissible  drop,  em,  and 
rm=?em  +  im.  The  cross-section  of  the  magnet  wire  in  sq.  mm.  is  then, 
0-w  =  L mnl  -e-  55em. 

The  current  density  in  the  field  coils  should  not  exceed  2  amperes  per 
sq.  mm.  (1,300  amp.  per  sq.  in.).  In  shunt  machines  from  20  to  40%  of 
the  field  resistance  is  used  for  regulation. 

Kapp  states  that  from  10  to  16  sq.  cm.  of  outside  coil  surface  (1.5  to 
2.5  sq.  in.)  is  necessary  to  radiate  the  heat  of  each  watt  lost  in  the  coils. 
The  rise  in  temperature  (25°  to  35°  C.)  t  (C°)  =  (280  to  320)TF-s- surface  in 
sq.  cm.  =(43.4  to  49. 6) W  +  surface  in  sq.  in.  Also,  *(F.)  =  (78  to  89)TF-f- 
surface  in  sq.  in.  JF  =  No.  of  watts. 

Fields  should  be  massive,  compactly  designed  with  well  fitted  joints, 
and  in  large  sizes  should  be  of  W.  I.  or  steel  as  C.  I.  requires  too  great  a 
weight  of  copper.  A  circular  section  should  be  preferably  adopted,  sharp 
edges  and  corners  being  avoided,  as  they  tend  to  increase  the  leakage. 
Sparking  may  be  decreased  by  so  boring  and  adjusting  the  pole-pieces 
that  the  tips  are  farther  distant  from  the  armature-core  than  art  the 
points  midway  between  the  tips. 

Eddy  currents  in  pole-pieces  may  be  avoided  by  slitting  the  faces  in 
planes  at  right  angles  to  the  axis  of  rotation  of  armature,  or  by  construct- 
ing the  pole-pieces  of  sheet-iron  laminations. 

The  Commutator  segments  should  be  from  0.25  to  0.4  in.  thick,  made 
of  cast  or  hard-drawn  copper,  and  insulated  from  each  other  by  thick- 
nesses of  from  0.025  to  0.04  in.  of  mica.  The  segments  should  have  a 
length  of  about  1.25  in.  for  each  100  amperes  of  current,  when  copper 
brushes  are  used.  When  carbon  brushes  are  employed,  length  should 
be  from  1.8  to  2.5  in.  per  100  amperes. 

Brushes.  Copper  brushes  should  have  a  surface  of  contact  with  the 
commutator  of  from  0.0055  to  0.007  sq.  in.  per  ampere,  brass  brushes 
from  0.008  to  0.01  sq.  in.  per  ampere  and  carbon  brushes  froom  0.018  to 
0.038  sq.  in.  per  ampere.  Each  brush  should  cover  about  1.5  segments 
and  should  be  from  1.5  to  2  in.  in  width,  excepting  in  small  machines, 
where  lesser  widths  are  used. 

Armature  Shafts  should  possess  unusual  stiffness  in  order  that  vibra- 
tion may  be  avoided.  Diam.,  d  =  c^/H.P.-i-N,  where  c  =  16  to  23  when 
(I  is  in  cm.  and  6.3  to  9  when  d  is  in  inches. 

The  Weight  of  a  Continuous-Current  Dynamo  in  Ibs.  =386/fi, 
where  AI  =  output  in  kilowatts  at  1,000  r.p.m.  (Fisscher-Hinnen).  About 


1  Hi  ii  •  HMCS. 

•    thi-   \veiirht    i-  ni   the  armature        If  t  he  dimensions  of  a  dynamo  are 
in  ul  M  plied  by  M,  the  output  \\ill  !•••  mcrea-cd  /-  •  h  eijual  circumf.. 

nt    :il  mill  Uic.    ei|nal    heat  inr  pp.) 

Tin-  Dcsimi  of  l.arue  Multlpolar  Dynamos.  The  following  matter. 
abridged  from  ;i  series  "i  article-  by  II.  .M  .  Ilobart.  M.  I.  I..  }•'..  in  Technics 
(  London.  .Ian.  I"  -Inly.  I'.XM),  will  serve  a>  an  illustration  of  tlic  methods 
etnpl"\ed  in  the  de-.un  of  laige  continuous  current  n<  \  4<K)- 

kilowatt    machine    r  .V>O    volt-.    T.'iO    ampcre-i    with    S    polo    (  100    r.p.r 
taken     a-     an     example.        K.M.I.       I'/'.VU       In    -    1)1.     where     T=no.     oi 
armature   turn-   in   -cue-    between    +    and    -    brushes,   A'  =  cycles  per  sec. 
(.r    periodicity   of    reversal.-    of    flux    in    armature    core,    M      mairnetic    llux 
linked   \sith  coils  in   armature.      The  armature   has  a  multiple  circuit    wind- 
ing.  there  being  N   paths   through   it    for   the  current.      The  external   diain. 
D  =  230    cm.     The    polar    pitch    r  =~n  X230  +  8  =  91    cm.     Cro.-s,    length    of 
armature    between    flanges,    /0  =  40    cm.      There    are    8    ventilating    ducts, 
each  13  mm.  wide,  and  10%  of  the  net  length  is  taken  up  by  insulation. 
.'.  Net  length  between  flanges,  An  =  27  cm.     The  mean  length  of  one  arma- 
ture  turn    (lap   winding)  =  37  +  2^  =  327   cm.     Total  number  of   armature 
-l<>t>      1M4,  and,  as  there  are  6  conductors  per  slot,  the  total  numU-r  of 
face  conductors-  264X6=  1,584,  and  the  total  number  of  turns      I 
=  792.     Turns   in   series  between   brushes  =  792-^-8  =  99.     Total   length   ,,f 
conducting  circuit  between   brushes  =  327X99  =  32,  400  cm.     Cross-:-* 
of  one  conductor  =  2.4  mm.X13  mm.  =0.312  sq.  cm.     Total  < 
between  brushes  (8  conductors  in  parallel)  =  0.3  12X8  =  2.  5  sq.  cm.     Arma- 
ture   resistance   at    60°    ('.=32,400X0.000002  +  2.5  =  0.026   ohm.     Voltage 
drop  in  armature  =IR  =  730  amp.  X0.026  ohm  =  19  volts.     Drop  at  brushes 
=  2  volts   (ranges  from    1.2  to  2.8  volts).     Assumed  drop  in  compound 
winding  =  3  volts.     Total  drop  in  machine  =  24  volts.     Internal  vo] 
550  +  24  =  574  volts.     N  =  (  100  H-  60)  X  (8  -J-  2)  =  6.67,  and  T  =  99;  substituting 
these  values  in  (1),  M  =  21,  800,000  lines. 

Core  loss  due  to  hysteresis  and  eddy  currents-  Watts  per  kilogram  of 
weight  =  2.54  X  periods  X  kilolines  per  sq.  cm.  -f-  100  (2).  If  the  internal 

diam.    of   armature    disc  =  140   cm.,    gross  area  of  disc  =  -|-(2302—  1402)  = 

26,100  sq.  cm.  Area  of  one  slot  (3.3  cm.  deepXl.23  cm.  wide)  =  4.06 
><l.  <m.  Area  of  264  slots  =  4.06X264  =  1,100  sq.  cm.  .'.  Net  area  of 
-'6,100-1,100  =  25,000  sq.  cm.  Volume  of  iron  in  core  =  25,000  X 
27(  =  ;.n)  =  67o,000  cu.  cm.  =  5,250  kgs.  The  core  is  42  cm.  deep  below 
the  >1  iuently  the  cross-section  of  core  =  42X27  =  1,135  sq.  cm., 

but,  as  the  field  flux  divides  as  it  enters  the  core  and  flows  both  to  the 
left  and  right,  twice  this  value,  or  2,270  sq.  cm.,  =  area  of  core,  and  the 
flux  density  in  core  will  then  be  21,800,000  +  2,270  =  9,600  lines,  or  9.6 
kilolines.  The  core  loss  in  watts  per  kg.  from  (2)  =2.54X6.67X9.6  +  100  = 
1.7,  or  for  the  entire  core  =  5,  250  XI.  7  =8,  900  watts. 

Watts  per  square  decimeter  of  external  cylindrical  surface  of  armature: 


The  o\er-all  length  of  armature  may  be  taken  as  L  =  >l|;  +  0.7r  =  104  cm. 
Surface  =  jrD/,  =  ;:  X  230  X  104  =  75.000  sq.  cm.  =  750  sq.  dm.  The  I 
the  copper  of  armature  conductors  =  /2£  =  7302X  0.026  =  13,  100  watts,  and 
the  total  armature  loss  =  13,100  +  8,900  =  22,000  watts.  Watts  per  sq.  dm. 
=  22,000  +  750  =  29.4,  for  which  value  the  rise  in  temperature  will  not  exceed 
30°  C. 

The  M.M.F.  corresponding  to  9,600  lines  per  sq.  cm.  =  4  ampere-turns 
per  cm.  of  length  for  sheet  iron.  (This  value  for  English  metal  is  much 
higher  than  that  given  in  preceding  table  of  values  lor  //'  of  American 
sheet  iron.)  The  length  of  path  in  armature  per  pole  =  42  cm.  /.  42X4 
*=•  168=ampere-turns  per  coil  M  M  K  for  nrmatiiro  core. 

Tooth  density  and  the  corresponding  M.M.F.  :  r  =  91  cm.;  arc  of  pole- 
face  =  61  cm.:  .*.  pole-arc  =  0.67r.  There  are  264  +  8  =  33  teeth  per  pole, 
67%  of  which  (22.2)  lie  below  the  mean  pole-arc.  Allowing  10%  for 
"spread"  of  flux,  the  total  number  of  teeth  through  which  the  flux  passes 

—  24.4     Diam.  of  armature  at  the  bottom    of  >lots=223  cm.,  and  circum- 
ference at  same  diam.  =  700  cm.    700  +  264  =  2.66  cm.  =  tooth  pitch  at  bottom 
of  -lot-.      Width  of  slot   is  taken  =  1.23  crn.,  leaviiiK  width  of  tooth  =  1.43 
cm.     1M  t  teethx  1.43  =34.8  cm.  at  roots.     34.8X>*n  or  27  =  940  sq.  cm. 

—  area  of  magnetic  circuit  at  roots  of  teeth  for  one  pole,  and  the  apparent 
flux  density-  21,800,000  +  940  =  23,200  lines  per  sq.  cm.      This   apparent 
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density  must  not  be  employed,  but  a  corrected  one  which  varies  according 
to  the  ratio  of  the  slot  width  (a)  to  the  tooth  width  (6).  In  this  case 
a  -s-  6=  1.43-5-1.23  =  1.16,  and  by  interpolating  in  the  following  table  the 
corrected  density  is  found  to  be  21,800  lines  per  sq.  cm.,  requiring  640 
amp.  -turns  per  cm.,  or,  as  length  of  tooth  =  3.3  cm.,  2,100  amp.  -turns 
per  coil  for  the  teeth. 


Corrected  Density. 


a-?-&  =         0.5  0.75  1  1.25 

18,000  17,400  17,700  18,000  18,300 

20.000  18,800  19,200  19,500  20,000 

22,000  20,000  20,400  20,700  21,300 

24,000  21,000  21,500  22,000  22.400 

26,000  22,000  22,600  23,000  23,400 

28,000  23,000  23,600  24,000  24,500 

30,000  23.700  24,600  25,000  25,500 

Air-space  or  gap:  Area  of  pole-f  ace  =  pole-arc  X>10  =  61  X  40  =  2,  440  sq. 
cm.  Average  pole-face  density  =  21,800,000  +  2,440  =  8,900  lines  per  sq. 
cm.  Ampere-turns  per  coil  =  0.795  X  average  density  X  length  of  gap  in 
cm.  =  0.795  X  8,900  X  0.9  =  6,400. 

Magnet  cores  and  yoke:  Cores  may  be  of  cast-steel,  W.  I.,  sheet  metal, 
or  C.  I.  ;  yokes  of  C.  I.  or  cast  steel,  —  occasionally  of  sheet  metal.  Densities 
for  large  machines  are  kept  around  14,000  to  15,000  lines  per  sq.  cm.  for 
cast  steel  and  at  about  16,000  for  W.  I.  In  smaller  machines  lower  values 
are  taken.  The  flux  for  the  cores  and  yoke  must  be  greater  than  that  in 
the  air-space  and  the  armature  (or  account  of  leakage  or  dispersion  of  the 
lines  of  force  when  leaving  the  poles),  and  the  armature  flux  must  be 
therefore  multiplied  by  a  leakage  factor,  or,  as  it  is  called  by  Prof.  S.  P. 
Thompson,  a  dispersion  coefficient,  which  ranges  from  1.1  in  very  large 
machines  to  1.25  in  small  and  compactly  designed  ones.  In  this  example 
it  is  taken  at  1.13  and  the  flux  in  field  is  therefore  21,800,000X1.13  = 
24,600,000  lines.  The  core  density  is  then  24,600,000+1,630  =  15,100 
lines  for  cast  steel,  the  core  being  45.5  cm.  in  diam.  and  having  an  area 
of  1.630  sq.  cm.  The  yoke  is  of  cast  steel  and  is  designed  for  9,000  lines 
per  sq.  cm.,  and  has  therefore  a  total  sectional  area  of  2,772  sq.  cm.,  but 
as  the  flux  divides  after  leaving  the  core  and  flows  to  the  right  and  left, 
this  value  is  seen  to  be  twice  the  actual  cross-section,  which  is  1,386  sq.  cm. 

The  length  of  the  path  of  flux  in  the  magnet  core  is  50  cm.  and  that  for 
the  yoke  and  pole-shoe  is  73  cm.  (  =  £  of  the  total  length  of  path  in  the 
yoke  between  two  consecutive  cores).  The  number  of  amp.  -turns  per  cm. 
length  of  core  at  15,100  lines  =  28,  and  for  total  length  of  50  cm.  =  1,400 
amp.  -turns.  The  amp.  -turns  per  cm.  of  yoke  length  at  9,000  lines  =  6 
or  for  total  length  of  73  cm.  =440  amp.  -turns. 

Total  ampere-turns  per  coil  for  574  volts,  at  no  load: 

Armature  core  below  the  slots  ......................  1  68 

teeth  ...................................  2.100 

Air-space  ........................................  6,400 

Magnet  core  ....................  x  ................  1  ,400 

Yoke  ............................................  440 

Total  .....................................   10,508 

The  direct,  demagnetizing  effect  of  the  armature  winding  when  a  current 
is  flowing  is  very  considerable  and  increases  the  more  the  brushes  are 
displaced  from  the  mechanical  neutral  point.  This  effect  may  be  closely 
calculated  from  the  formula:  Amp.-turns  per  field  coil  to  overcome  demag- 
netizing component  of  the  armature  field  =0.0175//J7Ta,  where  /  =  amperes 
per  turn  in  armature  coil,  Ta  =  armature  turns  per  pole,  and  P  =  percentage 
of  polar  pitch  by  which  the  brushes  are  set  in  advance  of  the  neutral  point. 
In  this  example,  7  =  730  +  8  =  91  amp.,  770  =  99,  and,  if  brushes  are  set 
ahead  15  segments  of  the  commutator,  P=  15  X  100  +  99  =  15.2%,  and 
0.0  175/P7'a  =  2,400  amp.-turns. 

The  distort  ional  component  of  the  field  set  up  by  the  armature  current 
may  be  taken  at  10%  of  the  total  armature  field  per  pole  =  730  amp.  X 


i  TJ 

99    t  urns  X  0.1 0  +  8 -900    amp.  Turn-.       The refore    for    .">50    terminal    volt* 
(574  volt-   internal)  at    full   load   an-   required 

Amp. -turns  for  saturation  at  no  loa<|  .    10,508 

to  couii'crart  .Ir-n  n  .  .  .       2,400 

distortion 900 

Total 13  808  per  pole 

.1  two  polo  dynamo,  if  the  brushes  are  *et  at  the  mechanical  neutral 
point,  if.,  at    right   angles  to  the  <lir<-<-t ion  of  t tie  flu.\,  tho  current    in    tl.c 
armature  will  produce  a  flux  at  right  angle- to  that  of  the  field-*  and  tending 
to  distortion   of  t  ho  same.       If  the  bru-he-  are  set  at  90°  from   the   i 
point,  the  effect  of  the  armature  current   is  purely  one  of  dernagneti/ 
the  flux  it  produce*  being  directly  opposed  to  the  field  flux.      The  brushes 
)>eing  generally  set    at    »,,rne   intermediate  point.it    will   be  seen   that    both 
distortion  and  demagnetisation  have  to  be  considered).     At   no  load  and 
550     volts     the     saturation     turns     required      (550-*- 574)  XI  0,428X0 
9,300  amp. -turn*,  where  0.93  is  a  factor  which  approximately  allows  for 
the  bending  of  the  no-load  saturation  curve.     The  shunt  coils  must  there- 
fore have  9,300  amp. -turns  at  all  loads,  and  the  serie-  coil.-  at   full  ioad 
13.728-9,300  =  4,428  amp.-turns. 

Space  factor  in  winding: — In  armatures  with  voltages  up  to  1,000  the 
insulation  thickness  between  the  copper  and  iron  -hould  range  from  1.1.")  mm. 
to  2  mm., — or,  for  the  present  design,  say  a  slot  lining  M.-J  mm.  thick  and 
insulation  wrapped  around  coil  of  about  0.6  mm.  The  double-covering 
of  cotton  on  the  conductors  may  be  considered  a.-  adding  0.3  mm.  to  the 
diam.  of  the  bare  wire.  The  ratio  of  actual  copper  section  to  the  -lot 
section  is  called  the  space  factor  and  should  be  as  nigh  as  possible,  thereby 
increasing  the  output  of  the  machine.  This  factor  is  higher  the  fewer 
the  number  of  slots  and  is  lower  the  smaller  the  diam.  of  conductor-  u-ed. 
Space  factors  for  armatures  range  from  0.3  to  0.5  for  round  wires  and 
from  0.36  to  0.6  for  conductors  of  rectangular  cro--  -ectjon.  Space  t 
for  field  coils  range  from  0.4  to  0.65,  a  good  average  value  being  0.5.  The 
value  0.65  is  used  for  series  coils  with  large  conductors  of  rectangular 

<  tion  which  are  wound  edgewise. 

Calculation  of  field  coils: — Space  factor  taken  at  0.5  for  both  coils. 
The  length  allowable  for  winding  =  40  cm.  (i.e.,  50  cm.  minus  the  thi< 
of  flanges,  pole-shoe,  etc.).  Dividing  this  length  in  proportion  to  the 
number  of  ampere-turns  gives  a  length  of  28  crn.  for  the  shunt  coil  and 
12  cm.  for  the  series  coil.  At  full  load  (coil  at  60°  C.)  10%  of  the  shunt 
excitation  is  wasted  in  an  adjusting  rheostat  in  series  with  the  coils.  Thi< 
reduces  the  voltage  from  550  to  500  volts,  or  62.5  volts  for  each  of  the 
8  coils.  Allowing  1  cm.  for  clearance,  the  internal  diam.  of  coil  =  46  cm., 
and  assuming  radial  depth  to  be  4  cm.,  the  external  diam.  will  be  54  cm., 
and  the  mean  length  of  one  turn  (a)  will  be  1.58  meters.  The  watts  \>er 
shunt  coil  at  60°  C.  =0.000176a2&2-*-fc.  where  £  =  kgs.  of  copper  per  coil 
and  6  =  amp. -turns  per  coil  (=9,300).  Cross-section  of  shunt  coil  = 
28X4  =  112  sq.  cm.,  which,  multiplied  by  the  space  factor  (0.5)  =  < 
section  of  copper  in  coil  =  *  =  56  sq.  cm.  Cu.  cm.  of  copper  in  coil  = 
56X1.58X100  =  8,900,  and,  as  1  cu.  cm.  weighs  0.0089  kg.,  the  kgs.  of 
copper  in  one  shunt  coil  =  79.  Substituting  these  values  in  above  formula, 
the  watts  per  shunt  coil  =  480. 

The  external  cylindrical  surface  of  coil  =  48  sq.  dm.,  and  the  watt-  per 
sq.  dm.  therefore  =  10,  which  allowance  will  not  permit  a  rise  in  temperature 
of  more  than  40°  C. 

Size  of  wire  in  shunt  coils: — Amps,  per  coil  =  watts  -=-  volts  per  coil  = 
480-^62.5  =  7.7  amp.  Turns  per  coil  =  amp. -turns-*- am  ps.  =  9.300  H-  7 .7 
1,210.  Cross -sec  tion  per  turn  =  /-f-No.  of  turns  =  56^  1,210  =  0.0462  sq.  cm. 
Current  den-iry  ----7. 7-^-0.0462  =  167  amp.  per  sq.  cm.  Diam.  of  bare 
wire  =  2.42mm.  Watts  in  8  coils  =  3,840.  Watts  in  shunt  rheostat  =380. 
.'.  Total  watts  for  shunt  =4.220.  Copper  in  8  coils  =  630  kc-. 

!-  — These  are  placed  at  the  end  of  core  nearest  the  armature. 
Winding  length  =  12  cm.  Turns  =  4,420  amp.-t urns H- 730  amp.  =  6  turns. 
(In  this  particular  machine  210  amp.  are  diverted  through  a  shunt  in 
parallel  with  the  series  winding  so  that  turns  =  4. 420 ^520  =  8.5.)  The 
series  coils  may  have  a  higher  current  density  than  the  shunt  coils,  and, 
if  this  is  taken  at  180  amp.  per  sq.  cm.,  the  cross-section  of  the  serie<  few 
730-*- 180  =  4.05  sq.  cm.  This  may  be  in  the  shape  of  a  rectangular  section 
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(4  cm.  X  1.01  cm.)  and  wound  edgewise.  Mean  length  of  1  turn  =  158  cm. 
Weight  of  copper  in  one  coil  =  6  t urns  X  158X4.05X0.0089  =  34.17  kgs., 
or  273.36  kg.  for  8  coils.  Resistance  of  8  coils  in  series  at  60°  C.  =  8X6 X 
158  X 0.000002  -J-4.0o  =  0.00374  ohm. 

Watts  lost  in  the  8  coils,  at  60°  C.  =  7302X  0.00374  =  1,993. 

Reactance  voltage: — When  a  coil  carrying  a  current  arrives  at  and 
passes  the  brush,  the  direction  of  the  current  is  suddenly  reversed.  This, 
change  should  take  place  sparklessly  and  the  winding  should  be  so  designed 
that  the  reactance  voltage  due  to  the  decreasing  current  at  the  moment 
of  commutation  will  be  as  small  as  possible  at  full  load,  the  brushes  being 

set  at  the  neutral  point.  Reactance  voltage  =  12.566e  (^-)  (l  +  0.15^)  , 
where  e  =  average  voltage  per  coil  (  =  550-J-99  =  5.5  volts),  Q  =  amperes 
in  conductors  per  cm.  of  periphery  of  armature  (  =  -_—  X  5^—  =2°0  amp.) , 

B  =  average  flux  density  per  sq.  cm.  of  cylindrical  surface  of  armature 
[  =  (8  X  21,800,000) -K28X  230  X»)  =  8,600  lines],  and  r-s-Jn  =  ratio  of  polar 
pitch  to  net  length  of  armature  core  ( =99 -=-27=  1.49). 

The  reactance  voltage,  consequently,  is  2.42  volts  for  this  machine, 
which  is  low  enough  to  permit  a  practically  sparkless  commutation.  The 
brushes  should  be  held  against  the  commutator  by  a  pressure  of  about  0.1 
kg.  persq.  cm.,  and  the  loss  in  watts  due  to  brush  friction  =  0.1  kgXsection 
of  brushes  in  sq.  cm.  X 0.3  X  peripheral  speed  of  commutator  in  meters 
per  second  X 9.81,  where  0.3=coeff.  of  friction  for  carbon  brushes  (=0.2 
for  copper  brushes).  The  current  density  in  brushes  ranges  from  4  to 
12  amp.  per  sq.  cm., — average  =  6. 

The  IE  loss  at  commutator  in  watts** total  armature  current  X  volts 
dropped  at  brushes  (1.2  to  2.8, — average,  2). 

Efficiency: — The  following  is  a  tabulation  of  the  several  losses  of  energy 
in  the  generator  at  full  load: 

(a)  Core  loss  in  armature 8,900  watts  (constant) 

(6)  PR      "    "          " 13,100  (variable) 

(c)   Brush  contact  loss 1:460 

(rf)  Brush  friction  loss 540  (constant*) 

(f)    Friction  loss  at  bearings,  estimated.  ..  .      3,000 

(/)    Loss  in  shunt  coils 3,840 

(0)  "  series      "   1,993  (variable) 

Total  losses 32,833  watts 

Out  put  =  730X550  =  40 1,500  watts.  Total  generated  =  40 1,500 +  32, 833  = 
434,333  watts.  Efficiency  at  full  load  =  401, 500 •*-  434,333  =  92.5%.  At 
half-load,  losses  =  a  +  d  +  e  +  /+*(6  +  c  +  0)  =  24,560  watts.  Output  =  200.- 
750  watts,  arid  total  generated  =  200,750  +  24,560  =  225,310  watts.  Effi- 
ciency at  half-load  =  200,750-^225,310  =  89%. 

Cost  of  manufacture.  The  factory  cost  of  generators  of  this  class  is 
proportional  to  the  product  of  the  diameter  of  the  armature  bv  the  "equiv- 
alent length  of  one  armature  turn  over  the  end  connections,'*  which  latter 
may  be  taken  =  >i(7  +  0.7r.  The  factory  cost  then  =  KD(lg  +  0.7-),  A!  being 
a  function  of  voltage  and  of  the  type  of  machine.  For  6  and  8  pole  dy- 
namos of  250  volts,  K  may  be  taken  at  $0.30,  and  for  500  volts  at  $0.265 
to  $0.28.  (These  values  are  for  material  and  labor  costs  and  for  methods 
of  manufacture  obtaining  in  England.) 

The  output  and  speed  being  decided  upon,  a  series  of  calculations  should 
be  made,  the  diameter  of  armature  being  so  chosen  that  the  peripheral 
speed  will  vary  from  10  to  15  meters  per  sec.  and  the  total  ampere-turns 
per  pole  on  the  armature  varying  from  4,000  to  10,000.  From  these 
designs  a  choice  may  be  made  which  will  be  the  best  compromise  on  such 
points  as  cost,  speed,  and  reactance  voltage,  all  of  which  should  be  as 
low  as  possible. 

For  a  two-circuit  winding  on  a  multipolar  dynamo  armature,  where 
one  pair  of  brushes  is  used,  No.  of  face  conductors  =  No.  of  poles X( wind- 
ing pitch  ±2). 

CONTINUOUS-CURRENT    MOTORS. 

These  are  generally  designed  on  the  same  lines  as  are  dynamos  of  similar 
types.  The  revolutions  of  the  armature  develop  an  E.M.F.  which  is  op- 
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pomd    t"   the   impre-  -i-.l  I!  Ml.    and    which    i-   called    the   counter  ell 
n,,,t,.  :  'plied    :it     the    terminal-    of    motor.    e=* 

.1    I        and    If  re  tnotor   armature.      Then,    /         / 

A-  :  A1;   u-cful  w.-n  fs.tr,  -<•/  =  < 

I!       .   .  /  /,•  ':ngi.  ;iti«i  th.-  efficiency     ,/•  :  n      . 

Tori|iic       i.i,-.-!,:itiic:il    power   in    ft.  Ib-.   :  angular    velocity.       I  .. 

angular    velocity.   T      forc|iie;    then.  ,7'      mechanical    • 
in  ft.  U>-<.  |K»r  sec.      el"  electrical  p  armature  m  watt-.      11.  P.— 


e    m      No.  of  conductor-   on    the    periphery   of   armature   and   0-flux. 
I    ft.    radius  —  m*/-i-(8.52X  10*).      If    r  =  resistance     of    armature. 


(at 


-K8.52X108).     R.p.m.  =  eX60 


Rheostats    for    Motors.       If  a  motor  at  rest  were  directly  rom.. 

oiircc  of  current,  the  mains  would  l>e  short  -rircuitod  throiiRh  the 
armature  and  the  al<normal  current  flowing  would  st>eedily  burn  up  tin; 
armature  coil-.  It  i-  nece—  ary,  therefore,  to  introduce  a  starting  • 

into  the  armature  circ-uit  so  that  only  a  moderate  current  will  flow 
through  the  armature  at  the  beginning  of  its  motion.  As  the  speed  'and 

inentlv  the  counter  1!.M.I  .  i  increa-e-,  the   current  strength  fieci. 
and  the  re-i-tance  may  l>e  lowered  gradually,  by  steps,  and  when  full 
i-  attained  it  may  be  cut  out  of  the  circuit  altogether.      The  following  table 

£nce  and  current-carrying  capacity  of  several  metal 
rheostat  <-<>i\< 


Calvani/ed 

Iron. 

German  Silver. 

Platinoid. 

.Man- 

B.W.G. 

Ohms 
per  ft. 

Amp. 

Ohms 
per  ft. 

Amp. 

Ohms 
per  ft 

Amp. 

Ranin. 
(  >hms 
per  ft. 

8 

0.  00266 

28 

0.  00566 

19 

0.008 

13.5 

0.0093 

10 

.  09366 

21 

.00833 

14 

.0123 

10 

.0133 

12 

.006 

16 

.((127 

11 

.019 

7.7 

.021 

14 

.0117 

10 

.0203 

7 

.032 

4.7 

.0383 

16 

.016 

7  .:, 

.  0333 

5 

.05 

35 

.i).-.:,-'. 

18 

.029 

4.5 

.0583 

3 

.089 

2.2 

.  101:5 

20 

.041 

3.5 

.115 

2.2 

158 

1.5 

.  14  If, 

22 

.0883 

2 

.18 

1.5 

.262 

.95 

.3133 

21 

.144 

1.5 

.29 

1 

.423 

.7 

.5 

Resistance  coils  should  be  wound  according  to  the  following  table,  which 
gives  the  sizes  for  maximum  rigidity  and  energy  dissipation: 

Inner  diam.  of      Approx.  length 


B.  W.  G. 

8 

9  toll 
12  "  14 
15  "  1C, 
17  "  19 
20  "  24 


Spiral  in  inches. 
1 
0.875 

.75 

.625 

.5 

.375 


Coil  in  inches. 
27 
22 
18 

it 
11 
8 


A  starting  resistance  should  be  so  designed  that  the  momentary  increase 
of  current  due  to  cutting  out  a  section  of  same  does  not  exceed  a  certain 
predetermined  amount. 

1234              n 
0—r — 0—  RI— O—RZ—O— #3—0— Rn—0 -^3  Current  flow. 

In  the  above  diagram   r  is   the   armature   re-i-tance,  R}.  R2,  R*.   K- 
the   sectional    re<i-tance-    of   the    rheostat    included    between    the    segments 
1,  'J,   .'{.    J,   //.      Let    the    K.M.F.  of  supply  =  E ;    t  =  current   in  armature  at 
full   load:    7 •permissible    momentary    current,   and    let    f-t-i     /,-.      The  re- 
M-tance  ft,  U-t  \\een  segment  •<  1  and  2  should  then  be  =  (A'-l)r,  #o  =  (k  —  1  )Ar, 

In  order  for  the  motor  to  .-tart,  the  total  resistance  in  the  circuit 
(-r-f  ft,  +  /?o  +  R3 ...  +Rn)  m  st  lie  le-s  than  K-*-i.  To  avoid  arcing 
between  the  segments  110  secti  a  should  have  a  drop  of  over  35  volts,  and 
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if  such  a  section  should  occur  in  (he  calculation  it  should  be  divided  into 
i  >vo  or  more  sections,  none  of  which  have  a  drop  exceeding  35  volts.  For 
motors  using  about  50  amperes  on  full  load  /  may  be  taken  as  equal  to 

t+10  amp.     For  much  smaller  motors  7  =  —    f°r  the  first  section  and=^r 

on  the  remainder.  If  the  full-load  current  exceeds  50  amp.  the  momentary 
rise  (I  —  i)  should  not  exceed  0.2t. 

Example:  Rheostat  for  a  15  H.P.  motor  on  a  220  volt  circuit.  #=-220; 
t  =  15X746-^220=50  amp.  Resistance  of  armature,  r  =  0.15  ohm. 
7  =  t-f-10  =  60  amp.  7-*-i  =  *  =  1.2.  E-*-i  =  4.4  ohms.  The  sum  of  all  the 
resistances  =  rk",  where  n  =  No.  of  sections  in  the  rheostat  =  E-*-i.  .'.  0.15A:" 
=  4.4,  and,  as  k  =  1.2,  n  =  18  (18.5  exactly)  sections  and  the  resistance 
of  each  section  may  be  calculated  from  the  previous  formulas.  If  the 
rheostat  is  designed  to  start  the  motor,  say  on  half-load,  t  =  25;  7  =  t  +  10  — 
35;  7-r-i=Jfc  =  1.4,  whence  1.4"  =  58.66,  and  n  =  12  sections.  £-t-i~  total 
resistance  =8.8  ohms.  The  several  sections  would  have  the  following 
values : 

0.15       ohm  R7   =0.4518   ohm 


#i-(*-l)r-  .06 

R2  =  Rtk          =  .084 

Rs^Rzk          -  .1176 

7?4=  .1646 

7?5  =  .2305 

7?e  =  .  3227 


7?8    =    .6325 
R9    =    .8855      •' 

7?io  =  1  -  2397  ohms 
Ru  =1.7355      " 
#12-2.4297      " 

Total  =8. 5 


As  n  is  a  fraction  over  12,  the  remaining  0.3  ohm  (8.8—8.5)  may  be 
added  to  R\*.  (Condensed  from  an  article  by  F.  H.  Davies,  in  Technics, 
April,  1904.) 

ALTERNATING    CURRENTS. 

Definitions.  Alternating  currents  are  those  which  periodically  pass 
through  a  regular  series  of  changes  both  in  magnitude  and  direction. 
1'sually  the  magnitude  increases  with  a  certain  regularity  from  zero  to 
a  maximum,  decreases  with  the  same  regularity  to  zero,  and  then  similarly 
to  a  maximum  in  the  opposite  direction  and  finally  to  zero  again.  When 
a  current  has  experienced  such  a  series  of  changes  (0  to  +  max.,  to  0, 
to  —max.,  to  0)  it  is  said  to  have  completed  one  cycle.  (Symbol  ^-~.) 
There  are  two  alternations  in  one  cycle.  The  time  taken  to  accomplish 
one  cycle  is  called  a  period  and  the  number  of  cycles  completed  in  one 
second  is  called  the  frequency,  or  periodicity.  The  frequency  of  an  alternat- 
ing current  dynamo  =  pN-i-  60,  where  p  =  number  of  pairs  of  poles,  and 
N  =r.p.m. 

The  ideal  curve  of  an  alternating  current  and  E.M.F.  is  a  sinusoid, 
or  curve  of  sines,  and  is  the  one  assumed  for  purposes  of  theoretical  dis- 
cussion, but  commercial  alternators  do  not  generate  strictly  sinusoidal 
pressures. 

Referring  to  Fig.  29,  E'  at  any  point  =7?mar.  sin  2nft,  where  /  =  frequency 
and  *  =  time  in  seconds.  Also,  7  =  7mM.  sin  2r//. 

Effective  Values.  One  ampere  of  alternating  current  is  a  current 
of  such  instantaneous  value  as  to  have  the  same  heating  effect  in  a  con- 
ductor as  one  ampere  of  direct  or  continuous  current.  Heating  varies 
a*  /'-  and,  therefore,  in  an  alternating  current  whose  instantaneous  values 
vary,  the  heating  effect  is  proportional  to  the  mean  of  the  squares  of  the 
instantaneous  currents,  or,  72  =  7m2-=-2.  The  effective  value,  therefore 


is    7  =  7m-^v        and    the    effective    E.M.F.,    E  =  Em  +     2.     The  average 
current,    7»T.  =21  m+  K,    and    the    average     E.M.F.,  £„.  =  2Em+  r.     The 

ratio  of  the  effective  E.M.F.,  and  the  average  E.M.F.  =  ^™-r-—  l=l.  n 

A/2  * 

(for   sinusoidal    E.M.F.s)    is   called    the    form    factor.     (The   subscript  m 
indicates  maximum.) 

Phase.  When  the  maximum  and  zero  values  of  E  and  7  occur  at  the 
same  instant,  the  current  and  E.M.F.  are  said  to  be  in  phase.  When 
the  current  attains  irs  maximum  and  zero  values  at  a  time  later  than 
when  the  corresponding  values  of  the  E.M.F.  occur,  it  is  said  to  be  out 
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of  chase  with  the  F.M.F.,  <>r   to   lair  !,.•>  M  F.      When  maximum 

M-hed  :if   .-in  earlier  time,   the  current    i>  .-aid   to  Irad 
di-tance    del  ween    ;iny    two    corresponding    ordiria1' 

13       l,e     Iliea-llied     Mll'l     • 

railed  the  annular  di-i  «  pha-e  difference.      Thi-  a::;' 

.-enfed    by   <f>. 

An    alternator   giving    a    Single    :  «'    Of    I. ..M.I.    t->    a    two-Wire 

'irrrnt     Kenemtor.       One    gi\:: 

to  T\V(,  di.-tinct   circuit-     each  a   -mule  plia-e  i.   the  phases   being  90°  B 
is    a    t  wo-pha  e.    or    quai  tor •  pha-e.    Kcnerator.     A    three-phase    machine 


360' 


theoretically  has  three  two-wire  circuits,  the  maximum  positive  prr-<uro 
on  any  one  circuit  being  displace  I  from  each  of  the  pressures  in  the  other 
two  circuits  hy  12i)°,  but,  as  the  algebraic  sum  of  the  currents  in  all  threo 
circuits  (if  balanced)  =0,  the  three  return  wires  of  the  circuits  may  he 
dispensed  with. 

Power  In  Alternating-Current  Circuits.  The  power.  /',  in  an  alter- 
nating circuit  depends  on  K,  I,  and  <f>,  rind  is  thu>  ex:«n->ed:  /-*  =  El  cos  <f>. 
Cos  <j>  i*  called  the  power  factor,  it  heum  the  number  by  which  the  apparent 
power,  or  volt-amperes  (El),  must  be  multiplied  in  order  to  obtain  the 
true  power.  When  E  and  /  are  in  phase,  <£=0  and  cos^  =  l. 

Self-Induction  :  —  Impedance,  Reactance,  and  Inductance.  A  Cur- 
rent flowing  in  a  conductor  sets  up  a  magnetic  field  around  it  ;  conversely, 
when  there  is  an  increase  or  decrease  of  the  number  of  line-  of  force  cut 
by  a  conductor,  a  current  is  induced  in  it.  and  in  alternating  circuits  it 
i-  nece-x,rv  'o  consider  tlie<e  self-induced  currents. 

When  the  rate  of  change  of  value  of  the  current  strength  v-  greatest 
(at  0)  the  self-induced  K.M.F.  i-  a  maximum,  and  when  lowe.-i  (at  peak 
of  the  sine  curve)  the  K.M.F.  is  a  minimum:  consequently,  the  pha-e 
of  the  self-induced  K.M.F.  differs  from  that  of  the  impressed  K..M.F.  by 
90°,  or  is  af  right  angles  to  it. 

let  an  alternating  current  of  /  amperes  flow  through  a  circuit  having 
a  resistance  of  K  ohrn<  and  an  inductance  (self-induction*  of  /.  henry>. 
To  maintain  the  current  flow  through  A*  requires  an  effective  E.M.F., 
Er^RJ.  The  effective  value  of  the  F..M.F.  of  >eif-iiuluction.  Ex.  will 
be~—  2rfLI,  the  minus  sign  indicating  that  it  is  an  opposed,  or  counter 
K.M.F.  \-  Er  and  Es  are  at  riglit  angle-  to  each  other  they  are  not  to 
be  added,  but  are  to  be  taken  as  two  rides  of  a  triangle,  the  hypothenuseof 


which      is      the      impressed      E.M.F..      E;       whence, 
V/(//J)2-r(2»r/L/)a,  and  7- 


g=N 

:fL)*  is  called  the 
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impedance,  or  apparent  resistance,  and  (2r.fL)  the  reactance,  both  being 
expressed  in  ohms  (Fig.  30). 

As  Er  is  the  part  of  the  impressed  E.M.F.  which  sends  the  current  through 
the  conductor  (Ea  being  that  required  to  neutralize  the  self-induction), 
the  current  must  be  in  phase  with  it,  and  7  is  therefore  always  displaced 
90°  from  Es.  I  and  Er  lag  behind  E  by  an  angle  (<j>)  whose  cosine  =  Er  -*-  K. 

The  inductance  of  a  coil  on  the  field  of  a  generator  is:  L  (in  henrys)  = 
0n710~s,  where  0  is  the  total  flux  from  one  pole,  n  the  number  of  turns 
in  coil,  and  /the  amperes  of  current  in  coil. 

Capacity.  Any  two  conductors  separated  by  a  dielectric  (i.e.,  insu- 
lating substance)  constitute  a  condenser.  In  practice  this  term  applies 
to  a  collection  of  thin  sheets  of  metal  separated  from  each  other  by  thin 
sheets  of  insulation,  every  alternate  sheet  of  metal  being  connected  to 
one  terminal  of  the  apparatus  and  the  intervening  leaves  of  metal  to 
the  other  terminal.  The  function  of  a  condenser  is  to  store  up  electrical 
energy.  If  a  continuous  E.M.F.  be  applied  to  a  condenser,  a  current  will 
flow, — large  at  first,  but  gradually  diminishing  until  the  metal  sheets 
have  been  charged  to  an  electrostatic  difference  of  potential  equal  and 
opposed  to  that  of  the  E.M.F.  applied.  The  capacity  of  a  condenser  is 
numerically  equal  to  the  quantity  of  electricity  with  which  it  must  be 
charged  in  order  to  raise  the  difference  of  potential  between  its  terminals 
from  zero  to  unity.  A  condenser  whose  potential  is  raised  1  volt  by  the 
charge  of  1  coulomb  has  a  capacity  of  1  farad. 

The  capacity  in  microfarads  of  a  condenser  =  C  =  0.000225— ^— ,  where 

A  =area  of  dielectric  between  two  metal  leaves,  in  sq.  in.;  n  =  number 
of  sheets  of  dielectric;  t  =  thickness  of  dielectric  in  mils;  k  =  specific  induc- 
tive capacity  of  the  dielectric. 


te 

TS 
II 
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Fig.  30. 


Fig.  31. 


Values  of  k:  —  Glass,  3  to  7  ;   ebonite,  2.2  to  3;   gutta-percha,  2.5:   paraf- 

fin, 2  to  2.3;    shellac,  2.75;    mica,  6.6;    beeswax,  1.8;    kerosene,  2  t<>  2.5. 

If  a  sinusoidal  E.M.F.,  E,  of  frequency,  /,  be  impressed  on  a  condenser, 

the  latter  will  be  charged  in  —  seconds,  discharged  in  the  next  j;  seconds 
and  charged  and  discharged  in  the  opposite  direction  in  equal  succeeding 


intervals.     Max.  voltage,  Em  =  E^/2\   max.  quantity,     m  =  2     quan- 

tity per  second  =  4/Qm  =  4/7£C"v  2  =  average  current,  7aT.,  and,  as  the  effective 


current,  7  = 


2*fCE,  and  E^ 


JT-TT;  >s  called  the  capacity 


reactance  and  is  analogous  to  2nfL. 

Circuits  containing  Resistance  and  Capacity.  In  this  case  the  im- 
pressed voltage,  E,  must  be  considered  as  being  made  up  of  Er, — which 
sends  the  current  through  the  resistance,  7?, — and  Ee,  which  balances  the 
counter  pressure  of  the  condenser  and  which  is  90°  in  phase  behind  the 

current.     Er  =  RI,   and    E<=^2~jcr-     •'•  Impressed    E.M.F,  E 


or   /  = 


-.     (See  Fig.  31.) 
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Cult!  r.iiiiainiiii:     He,  i.  i.  in.  .  -.      ItuhK  lance,     and      r.-iparity. 

I...M  I  .  due  to  -elf  induction 

-2*//  '     cunent     l.y    !«>          I  ne     I     \l   I  .    ,,f     capacnx 

anee^-l  and   lugs   behind    th.-  current    by  W.     Ti,.-                     M  I    '- 

U'liij.-  ill--  i.'-ultant   leaciancp.  IB  their  nun-erical  difference  and 

the     general  rqiiati..!!      i-:      I  -  E  +  \  #-  +  [:.'                                    The      .|iiantity 


\\illrn    tin-    bracket-    indicate-    an    angle    of    lair,    if  I    an 

I.  if  negative.      If  '1-\L     i}      -,.  then  /        '.     Thi-  condition  prevailing, 

:ii    (MM   in-lain.  cnergv   i-   U-ing  -tored   in  the 

field  it    j^    iM'ing   nJven    (,,   the   circnii    hy    the   conden-er. 

and  at  another  in.-taiit.  encrgv  i-  being  rclea>«/d  fnnn  the  field  at   tli»- 

i  i^  IH-IIIK  >t..rcd  in  the  oond< 
(•(Hiihinaiidiis  of  CoodenMn.     Ii  condenaen  are  connected  in  series 

tlu-ir  coinliincd   capacity,  C**—  --  1  -  -  r~.     If  C\,  €2,  .  .  .  Cn  are 

&*&+&••*«; 

iMjual  capac;' 

ft 

If  cdtmof-tions  are  in   multiple,  C  =  Ci+C2  +  C3  +  .  .  .  Cn,  and   if   Ci=C2 

-r3-r,,.  r 

Coinhinations    of    Impedances.     If    several    impedances    are    to    \x* 

arranged  in  -erie.<  they  >;ionld  he  rejiresetited  hy  the  hypothenuaefl  of  tri- 
angles whdso  horizontal  sides  rej)resent  the  resistance^  and  vertical  -ide- 
the  reactances.  The  resultant  impedance  is  then  represented  by  the 
hypothenuse  of  the  trianjrle  whose  ba.se  =  sum  of  the  resistance  horizon 
tal>  of  the  separate  trianples  and  .  whose  height  =  sum  of  the  reactance 
verticals,  or,  resultant  impedance  =  ^/2'R2  +  2[2rfL]^. 

If  the  impedances  ate  in  parallel,  find  their  reciprocals  dr  admitt. 
Take  any  two  admittances  at  their  proper  phase  angle  and  construct  a 
parallelogram.  The  diagonal  will  be  the  resultant  of  these  two  admit- 
tances in  direction  and  value.  This  resultant  may  be  similarly  combined 
with  a  third  admittance,  etc.  The  reciprocal  of  the  final  resultant  admit- 
tance will  (hen  be  the  combined  impedance  desired  and  the  direction  of 
the  final  diagonal  will  represent  the  resultant  phase. 

ALTERNATING-CURRENT  GENERATORS. 

Alternators  are  either  single-phase  or  poly-phase  (i.e..  n-.ore  than  one 
phase,  usually  two  or  three).  For  low  potentials  the  field  is  stationary, 
the  armature  revolving,  while  for  high  potentials  the  field  is  made  to 
rot.  -Me.  the  armature  being  fixed.  The  latter  may  have  a  field  of  radial 
poles  each  of  which  is  of  oppo-ite  polarity  to  its  neighbor,  or,  it  may  he 
ot  the  inductor  type,  in  which  both  field  and  armature  coils  are  stationary, 
the  rotating  part  being  an  iron  mass  called  the  inductor.  This  inductor 
(which  carries  no  wire)  has  pairs  of  soft-iron  projections  termed  inductors 
which  are  magnetized  by  the  current  flowing  in  a  fixed  annular  field  coil 
which  surrounds  but  docs  not  touch  the  inductor.  The  surrounding  frame 
i^  provided  with  radial  internal  projections  which  correspond  to  the  in- 
ductors in  number  and  size,  and  upon  which  are  wound  the  armature 
coils.  As  the  inductors  revolve  the  flux  linked  with  the  armature  coils 
from  a  maximum  to  a  minimum,  but  its  direction  is  not  changed. 
a<  the  annular  field  coil  gives  a  constant  direction  of  field. 

Two-IMia-e  Generator.  In  a  two-phase  system  of  winding,  if  two 
coils  and  4  conductors  are  used,  each  coil  renerates  a  prps.-ure  of  /•,'  volts 
U'tween  the  two  wires  leading  from  it  and  there  is  no  connection  between 
the  two  coils.  If  three  wires  are  used,  connected  as  shown  in  Fig.  32, 
the  K.M.F.'s  between  the  wires  are  as  indicated  in  the  diagram.  (K  and 
/  in  the  figures  are  taken  as  the  effective  E.M.F.'s  and  cunv 

A  monoeyclic  generator  (for  lights  chiefly,  but  carrying  a  certain  motor 
load)  is  a  single-phase  machine  to  which  is  added  on  the  armature 
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railed    "teazrr''  winding  of  a  section    sufhViont    to  carry  thn   motor  load, 
and  with  turns  enough  to  produce  a  voltage  equal  to  one-quarter  of  that 

1 

~T~      ~T- 

*       ! 

'  i 


Fig.  32. 

of  the   regular  winding  and   lagging  90°   behind   same.     One  end   of   the 
teazer  winding  is  connected  to  the  middle  of  the  regular  winding  and  the 


Fig.  34. 

other  to  a  third   line-wire.      A  three-terminal   induction   motor  is   used, 
which  is  either  connected  directly  or  through  a  transformer. 

Four-Phase,  or  Quarter-Phase.'  See   1  igs.  33  and  34  for  the  two 


150 


]  I.K<TUuTK<  HMCS 


..f  cunncctiori*.      The  current   in  cadi   line  in    1  ir    .''•''      /.  and   in  each 
hue  -.f  r,K.  :|4    -/vT 

Thret  -IMi.i-.  MIC    \    <T    "  Mar  "   i-,,j, 

•i.   tlu-   current    in    cad,    line    being    /.       1' ig.   86  ahowa   tlie  J    (delta) 
or  mean  connection,  the  current  in  each  line 


I 

V3  E 
I 


VSE 
i 
i 


V3E 


Fija:.  35. 


Fig.  36. 


E.M.F.   Generated. 


lO-».    where    p  =  number   of   pairs 


of  poles,  0-=flux  per  pole  in  maxwells,  AT  =  r.p.m.,  and  ?i  =  number  of  in- 
ductor*. The  effective  E.M.F.  =  ££'„,  where  k  is  the  form  factor  (  =  1.11 
for  a  sine  wave).  Also,  p#-<-60  =  /,  -consequently  E  =  2.22#n/10-8. 

If  the  armature  winding  is  nil  Concentrated  into  one  ^l»t  per  pole,  ,-ingle- 
l>h:i-e.  this  forinuia  is  applicable.  If,  however,  the  wires  are  distributed 
over  the  surface  of  the  armature  in  a  nunilx-r  <>f  -Ic.is  the  right-hand  mem- 
ber of  the  equation  mu<t  l>e  multiplied  by  a  distribution  constant.  k\, 
which  varies  according  to  the  number  of  slots  on  the  j>eriphery  of  arma- 
ture from  center  to  center  of  two  adjacent  pole-faces  and  the  fraction  of 
the  latter  distance  which  in  occupied  by  slot>. 


Tart  of  polar 
distance  occu-     1  slot. 


.00 
.00 
.00 
.00 
.00 


0.1 
0.2 
0.8 
0.4 
0.5 


Values  of  k\. 
2  slots. 


O.JW. 
.986 
.972 
.95 
.925 


:i  slots.         many  slots. 


0.995 

•    .984 

.967 

.942 

.912 


0.994 
.982 
.962 
.935 
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TRANSFORMERS. 

The  transformer  is  a  device  for  changing  the  voltage  and  current  of 
an  alternating  electric  system  and  consists  of  a  pair  of  mutually  inductive 
circuits  (primary  and  secondary)  or  coils  interlinked  with  a  magnetic 
circuit  or  core.  When  an  alternating  voltage  is  applied  to  the  primary 
coil  an  alternating  flux  is  set  up  in  the  iron  core  which  induces  an  alternating 
E.M.F.  in  the  secondary  coil  in  direct  proportion  to  the  ratio  of  the  number 
of  turns  of  the  primary  and  secondary  coils. 

The  magnetic  circuit  or  core  is  made  up  from  laminations  of  sheet  iron 
or  steel.  Two  general  types  are  used:  I,  the  core  type,  which  is  built  up 
from  laminations,  each  of  which  is  a  rectangle,  with  a  similar  but  smaller 
rectangle  stamped  out  from  its  center.  These  laminations  are  bound 
together  with  the  holes  corresponding  and  coils  are  wound  on  two  opposite 
limbs.  II,  the  shell  type,  which  is  similarly  assembled,  but  in  which 
each  lamination  has  two  rectangular  holes  stamped  out.  The  coils  are 
wound  on  the  central  limb  formed  by  the  bridges  or  cross-pieces  between 
the  rectangular  holes  in  the  laminations.  Laminations  are  about  0.014  in. 
thick  and  are  insulated  from  each  other  by  shellac,  tissue  paper,  etc.,  in 
much  the  same  manner  as  are  the  discs  in  armature  cores.  (See  Fig.  37, 
the  coils  being  wound  on  the  limbs  marked  a.) 


L 


II. 


Fig.  37. 


Volts  induced  in  transformer  coil,  E  =  4A4T  .  */10~8,  where   7*  =  total 
number  of  turns  of  wire  in  series  and  /  =  frequency,  in  cycles  per  sec. 

Eddy  current  losses. — Watts  per  cu.  cm.   of  core  =  «/fi)210-16,  where 
I  —  thickness  of  each  lamination  in  mils,  and  B  is  in  lines  per  sq.  cm. 

Bl 


Amperes    required    to    magnetize  core    to  induction  B 


where 


1.76  uT' 

1  =  length  of  magnetic  circuit  in  cms.,  B  —  lines  per  sq.  cm.,   y  =  No.   of 
turns  in   primary  coil,   and    ft  =  permeability   of  the   iron   in   core. 
The  current  at  no  load 


=  4/f  /watts  lost  in  iron\2 

V  (magnetizing  current)2  +  (  primary  ^^  )  • 

Transformer  Design  (abridged  from  articles  by  Prof.  Thos.  Gray, 
in  E.  W.  &  E.,  April  23  and  30,  1904). 

Let  a,  b,  and  /  be  the  dimensions  in  cm.  of  the  cross-section  and  mean 
length  of  the  cooper  link  or  coil,  and  a\,  bj,  and  l\  be  similar  dimensi<>n> 
for  the  iron  link  or  core.  Then,  total  cross-section  of  coi\s  =  ab  =  A,  and 
cross-section  of  core  =  ai6i  =  -4i.  Volume  of  iron,  v\-=Ail\,  and  volume 
of  coils,  v  =  Al.  (In  this  discussion  the  laminations  are  assumed  to  be 
rectangular  and  the  wires  as  being  bent  sharply  at  right  angles  as  they 
turn  the  corners  of  the  core.) 

For  a  core  transformer,  06  =  total  section  of  both  coils.    J  =  2(ai  -I  ---  ha), 

^        a-i       ' 

and  7|  =  2(aH  ---  l-2o,).     In  order  that  /  may  be  a  minimum  (assuming 


. 

A,  AI.  and  /,  t<>  IN-  MM  .  •IifTerentiatiMK).  it   is  found  that,  for  thi* 

ni     b  —a  a      l>i  —Hi 

condition  -•     -  —  ,  and  -r  -  .  '        . 

h      o-t-a  o      o\ 

•  Ml  \.iluiiii-  in  linth  core-  :ni<l  coils  it   i-    found 

nwesMry     lhmt     «»~-A-.     6'-   y&&.     "S-  Bn'1 

Ai(A+2Ai) 

A 

vi*-nv,  and  let  the  corresponding  relative  value  of  the  areas  be.  Ai=iA. 

When  x-0.5  1  1.5  2  3  45 

n-0.796       1.086       1.286       1.435       1.637       1.77       1.864 

Let  the  induction  |>er  scj.  .-m.  of  core  Jt  .-.in  uf,  and  the  total  induction  — 
.l,/f.-in  ..7;  tlicn,  the  ma^nci  izin«  current  U-inn  .-mail,  the  amplitude  of 
the  api'h^l  K..M.F.  will  (when  the  transformer  i-  not  loaded)  \tc  practically 
equal  to  that  induced  by  self-induction;  c.»n-<-(|ui-ntly,  J:  -/<,.•!  , 


vo,umes  are  to  have  a  definite    re]ative  value,  let 

A 


where  «i  =  No.   of   turns  on   primary  coil. 
Let  .P  =  full  load  in  watts,  /  =  square 


square  root    of  the  mean  square  of  the 

full  load  current  in  primary  coil,  and  power  factor  =  1.  Then,  P  =  EI-*-**/2, 
or  \A\P  =  EI.  Let  t'  =  avera.|?e  current  per  sq.  cm.  of  coil  section.  The 
heat  generated  in  the  coils  will  then  be,  approximately.  =4i2i;lp-G,  a.-Mim- 
\i\K  the  space  factor  of  the  coils  is  50%  (i.e.,  one-half  of  coil  section  is 
copper),  and  the  working  temperature  =  80°  C. 

At  full  load  the  heat  wasted  in  the  coils  should  equal  that  lost  in  the 

core  through  hysteresis  and  eddy  currents.     This  heat,  H=  in  watts 

per  cu.  cm.  per  cycle  per  second. 

A  certain  area  of  radiating  surface,  «,  must  be  allowed  for  the  dissipa^n 
of  the  heat  of  each  watt,  the  total  surface  being  S.  For  ordinary  air- 
cooled  transformers  8  is  taken  at  30  sq.  cm.,  and  at  20  sq.  cm.  for  trans- 
formers immersed  in  oil  or  cooled  by  artificial  ventilation.  The  following 
equations  and  values  have  been  derived  from  the  foregoing  premises; 

2  (i). 

(3, 
Total  heat  dissipated,  HI  =2  X  185'-6ri  ^  10~",  in  watts  per  sec.  (4). 

—  =  frequency;  g  =  total  e.xpof-ed  surf  ace  X  —  =  -  —  ;   r\  =  —  ;   z  =  1-A 
*  ~  v\       v\  a  .-i 


x  =^-=0.25         0.5  1  1.5  2  25  3.5 

xi=— =6  3  2  1.66         1.5  1.4  1.285 

a 

xj=     -  =  1.5  234568 

g   — ^=6.83         4.76         3.46         2.83         2.46         2.22         1.92 

(Read  thu.s     When  x  =  l,  a?i-2,  x2  =  3,  and  0  =  3.46,  etc.) 

Example     Core  transformer;  P  =  10,000  watts,  £  =  3,000  volts,  7^  =  100» 

x-1,  and  from   previous  tables  T,=2,  —  =3,  —  =n  =  1.086,  and  0=3.46. 

v 

Substituting  in  (1),  (2),  (3),  and  (4),  B  =  2,7 47  lines  pcrsq.  cm..  n\  (primary) 
—853  turns,  a  =  10.1  cm.,  6  =  20.2  cm.,  ai=8.25  cm.,  bi  -24.75  cm.,  .1      AI 
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~  204.2  sq.  crn.,  «  =  17,600  cu.  cm.,  7;!  =  19,110  cu.  cm.,  v  +  v\  =36,710  cu. 
cm.,  HI  =218.  3  watts.  Efficiency  =  vvattfe  output  -=-  watts  supplied*- 
(  10,000  -  2  18.3  )H-  10,000  =97  .82%.  If  the  iron  section  is  taken  as  one- 

half  that  of  the  coils,  z  =  0.5,  —  =  0.796,  x,=3    —  =  2,  0  =  4."6,  t>=»  15,940 

v  '  a\ 

cu.  cm.,  vi  =  12,700  cu.  cm.,  T  +  vi=28,640  cu.  cm.,  //i=222.b  watts,  and 
eff.  =97.74%,  or  a  dissipation  of  but  4  watts  more  than  in  the  first  case, 
and  a  reduction  in  weight  of  one-third. 

For  shell   transformers,      5e-2=7.866X  IQwf—  W—  )*(—  V  -5=-     (5) 

\  (U  '      \  8  '      >•  V\'    X2P* 


<6>-     and       m-lO^+afcBwa,*    (7). 

X2  =  —  ;  (/  =  '—.     In  this  case,  where  (e.g.)  £  =  1,  and  the  iron  parts  cor- 
ai  V! 

respond  to  the  copper  parts  in  a  core  transformer,  the  values  of  —  in   the 

a\ 

table  are  used  for  —  and  similarly  those  of  —  in  table  for  —  . 
a  a  a\ 

Taking  the  data  of  the  example  given,  it  will  be  seen  that  in  this  case 

—  =2  instead  of  3  as  for  a  core  transformer.     Substituting  the  various 

values  in  (5),  (6),  and  (7),  the  following  values  are  obtained-  5  =  2.896, 
m=813,  a=8.22,  6  =  24.65,  Ql  =  10.07  61  =20.13,  A  -.^  =202.7.  «  =  18,890, 
Vi  =  17  ,  400,  v  4-^1=36,290,  //i  =216.2;  eff.  =97.84%,  or  substantially  the 
same  total  volume  and  efficiency  as  for  the  core  transformer  first  con- 
sidered. If  the  iron  section  be  made  equal  to  twice  the  copper  section, 
5  =  3.091,  0  =  13,060,  f1  =  16,400!  v  +  i>i  =  28,140  cu.  cm.,  //,  =226.6,  eff. 
=97.73%.  If  iron  section  =  copper  sectionXS,  5  =  3,770.  v  =  7,632, 
t>i  =  13,640,  t>  +  i;i  =  21,000,  HI  =260.2;  eff.  =97.4%. 

When  a  transformer  is  in  circuit  continuously,  but  loaded  for  only  a 
few  hours  in  the  day  a  greater  all-day  average  efficiency  is  obtained  by 
designing  the  transformer  so  that  the  iron  heat  dissipation  is  considerably 
less  than  that  of  the  coil  at  full  load;  the  efficiency,  however,  is  smaller, 
on  full  load.  In  this  case  the  right-hand  members  of  (1)  and  (5)  must 

be  multiplied  by  —  5-  ,  and  those  of  (2)  and  (6)  by  —  ,  where   m  =  total  heat 

dissipation  -e-  hysteresis  dissipation. 

If  m  =  3  (other  data  as  for  shell  transformer  wh^re  5  =  2.896),  then, 
5  =  2,1Q5,  v=  21,180.  ^  =  19,510,  v  +  v^  =40,690,  #iron=77.9  watts,  #<*„>,„  = 
155.8  watts,  //,  =77  .9  +  155.8  =233.7  watts.  Eff.  =97.66%.  The  weight 
is  thus  increased  about  12%  and  the  efficiency  lowered  by  0.18%.  If  the 
load,  however,  is  on  only  about  6  hours  out  of  the  24,  there  is  a  saving 
of  about  600  watt-hours  per  day. 

It  is  assumed  in  the  foregoing  work  that  the  coil  and  core  sections  are 
rectangular.  If  the  iron  laminatipns  are  rectangular  and  the  wires  »n 
the  coils  are  bent  in  the  arc  of  a  circle  when  rounding  the  corners  of  the 
iron  core  (which  is  the  most  general  construction),  then,  for  a  core  trans- 

61     b+\~2~l)a     b  +  .57a    ,     _  /     ,  AI  ,  xa\  nf    ,  A  ,  _    \ 

former,—  =  —  —  —  —  r  -  ;  1  =  2  (  aH  --  H—  r);  li=2(a-\  ---  h2ai) 

ai  6  —  a  b  —  a  \         at      4  /  \       a  / 

All-Day  Efficiency.  Let  y  =  No.  of  hours  per  day  when  full  load  is  ou; 
then 

FullldadXy 
All-day  efficiency  =  =- 


Core  loss X 24  +  copper  loss Xy  +  full  loadXy 

Magnetic  Densities  in  Various  American  Transformers: 
For  25  cycles, 

B  =9,000  to  10,000  lines  per  sq.  cm.  (60,000-90,000  per  sq.  in.). 
For  60  cycles, 

5  =  6,000  to  9,000  lines  per  sq.  cm.  (40,000-60,000  per  sq.  in.) 
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B-4  1)00-50.000  per  sq.  in.). 

<  iirrent  neii-ities.     Primary  coil.  1,000   1,600  circular  mil*  per  amptra. 

S.-,,i,d.-ir\    •'    1,200    2.000 
In-ulutiori  1.1-t  \\een  laimiiHtioi.-  •-  about    10%  of  total  assembled  thick* 

\,,1.  ..f  iron      O<»      nil, ir  content-. 

I  .  oimiiilr   Drxlirn.      Id.  ,rny  of  first   eo-t    rnav   \>e  obtained 

,i -ulatiiiK  -everal  transformers  of  the  same  ra  parity,  hut    with    various 

p|K-r   to   iron,    plotting   the    re-ults   and    balancing   the   annual 

t    <>n   the   eost    of   material   ,-a\«-d   (labor  cost   being  substantially  a 

nit  fora  given  output  )  with  the  co-t  of  the  extra  watt-hours  per  year 

sacrificed  by  cneu|>ening  the  construction. 


CONDUCTORS. 
Copper-Wire  Table,  A.  I.  E.  E.     20°  C. 


Gauge. 

K  A-  i: 

I  iarneter. 
Inches. 

Area. 

Circular  mil-. 

Weight. 
Pounds  per  ft. 

T-ength. 
Feet  per  lh. 

0000 

0.  -WO 

211,600 

0.6405 

1.561 

000 

.4096 

167,800 

.5080 

1.969 

00 

.  3»i.»X 

133,100 

.  402s 

2.482 

0 

.3249 

105,500 

.3195 

3.13 

1 

.2S93 

83.690 

.2533 

3.947 

2 

.2576 

66,370 

.2009 

4.977 

3 

.2294 

52,630 

.  1593 

6.276 

4 

.2043 

41,740 

.1264 

7.914 

5 

1819 

33,100 

.1002 

9.98 

ti 

.1620 

26,250 

.  07946 

12.58 

7 

.  1443 

20.820 

.06302 

15.87 

8 

.1285 

16,510 

.04998 

20.01 

0 

.1144 

13,090 

.  03963 

25.23 

10 

.1019 

10,380 

.03143 

31.82 

11 

.09074 

8.231 

.  02493 

40.12 

12 

.08081 

6,530 

.01977 

50  59 

13 

.07196 

5,178 

.01568 

63.79 

14 

.06408 

4,107 

.01243 

SO.  44 

16 

.  05707 

3,257 

.009858 

101.4 

ID 

.  05082 

2,583 

.007818 

127.9 

17 

.  04526 

2,048 

.  006200 

161.3 

is 

.  04030 

1,624 

.  0049  17 

203.4 

19 

.  03589 

1,288 

.003899 

256.5 

2J 

.08196 

1,022 

.  003092 

323.4 

21 

.  02S  Iti 

810.1 

.  002452 

407.8 

22 

.  02~>:t"> 

642.4 

.001945 

514.2 

2.{ 

.  022.-.7 

509.5 

.  001542 

648.4 

24 

.02010 

404 

.001223 

817.6 

25 

.01790 

320.4 

.0009699 

1,031 

25 

.01894 

254.1 

.  0007692 

1,300 

27 

.0142 

201.5 

.0006100 

1,639 

28 

.01264 

159.8 

.  0004837 

2,067 

29 

.01126 

126.7 

.  0003836 

2.607 

30 

.01003 

100.5 

.  0003042 

2,287 

31 

.iH)S92S 

79.7 

.0002413 

4,145 

32 

.00795 

63.21 

.0001913 

5,227 

33 

.00708 

50.  13 

.0001517 

6,591 

34 

.00630.") 

3<)  ::. 

.0001203 

8,311 

35 

.005615 

31.52 

.00009543 

10,480 

36 

.005 

25 

.  00007568 

13,210 

37 

.  004453 

19.83 

.00006001 

16,660 

38 

.  003965 

15.72 

.  00004759 

21,010 

39 

.003531 

12.47 

26,500 

40 

.003145 

9.888 

00002993 

33,410 

CONDUCTORS. 
Copper-Wire  Table — (Continued). 
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Gauge. 
B.  &S. 

Weight. 
Pounds  per  ohm. 

Length. 
Feet  per  ohm 

Resistance. 

Ohms  per 
pound. 

Ohms  per 
foot 

0000 

13.090 

20,440 

0.00007639 

0.00004893 

000 

8,232 

16,210 

.0001215 

.00006170 

00 

5,177 

12,850 

.0001931 

.  00007780 

0 

3,256 

10,190 

.0003071 

.00009811 

1 

2,048 

8,083 

.0004883 

.0001237 

2 

1.288 

6,410 

.0007765 

.0001560 

3 

810 

5,084 

.001235 

.0001967 

4 

509.4 

4,031 

.001963 

.  0002480 

5 

320.4 

3,197 

.003122 

.0003128 

6 

201.5 

2,535 

.004963 

.0003944 

7 

126.7 

2,011 

.007892 

.0004973 

8 

79.69 

1,595 

.01255 

.0006271 

9 

50.12 

1,265 

.01995 

.0007908 

10 

31.52 

1,003 

.03173 

.0009972 

11 

19.82 

795.3 

.05045 

.001257 

12 

12.47 

630.7 

.08022 

.001586 

13 

7.84 

500.1 

.1276 

.001S99 

14 

4.931 

396.6 

.2028 

.002521 

15 

3.101 

314.5 

.3225 

.003179 

16 

1.950 

249.4 

.5128 

.004009 

17 

1.226 

197.8 

.8153 

.005055 

18 

.7713 

156.9 

1.296 

.006374 

19 

.4851 

124.4 

2.061 

.008038 

20 

.3051 

98.66 

3.278 

.01014 

21 

.1919 

78.24 

5.212 

.01278 

22 

.1207 

62.05 

8.287 

.01612 

23 

.07589 

49.21 

13.18 

.02032 

24 

.04773 

39.02 

20.95 

.02563 

25 

.03002 

30.95 

33.32 

.03231 

26 

.01888 

24.54 

52.97 

.04075 

27 

.01187 

19.46 

84.23 

.05138 

28 

.007466 

15.43 

133.9 

.06479 

29 

.004696 

12.24 

213 

.0817 

30 

.002953 

9.707 

338.6 

.103 

31 

.001857 

7.698 

538.4 

.1299 

32 

.001168 

6.105 

856.2 

.1638 

33 

.0007346 

4.841 

1,361 

.2066 

34 

.0004620 

3.839 

2.165 

.2605 

35 

.0002905 

3.045 

3,441 

.3284 

36 

.0001827 

2.414 

5,473 

.4142 

37 

0001149 

1.915 

8,702 

.5222 

38 

00007210 

1.519 

13,870 

.6585 

39 

.00004545 

1.204 

22,000 

.8304 

40 

.00002858 

0.955 

34,980 

1.047 

The  table  is  calculated  for  a  temperature  of  20°  C.  Resistance  in  inter- 
national ohms,  for  resistance  at  0°  C.,  multiply  values  in  table  by  0.9262; 
for  resistance  at  50°  C.,  multiply  by  1.11723,  and  for  resistance  at  80°  C., 
multiply  by  1.23815.  The  following  data  were  used  in  computing  the 
table.  Specific  gravity  of  copper  =  8. 89-  Matthiessen's  standard  1  meter- 
gram  of  hard  drawn  copper  at  0°  C.  =0.1469  British  Association  uni< 
(B.A.U.)  =  0. 14493  international  ohm  (1  R. A. II.  =  0.9866  international 
ohm.)  Ratio  of  resistivity  of  hard  to  soft  copper  =  1 .0226.  Temperature 
coefficients  of  resistance  for  20°,  50°.  and  80°  C.  (cool,  warm,  and  hot) 
taken  as  1.07968.  1.20625,  and  1.33681,  respectively. 

Aluminum  Wires   at   75°  F.   (Pittsburgh   Reduction   Co.). 


»TECH 


I'M';!                                           :  'T  ohril 

Ohms  per  Ih. 

it  <is  177                 IJ.229.8 

0.00042714 

.00067022 

00 

,1800                   7  .»i|.»-' 

.00108116 

0 

.  i  !•,:{«.»                  •  ;.:.'  i.v  J 

.0016739 

1 

4,637    i 

.0027272 

.0043441 

X 

8.080.1 

.00(>!M).-i7 

4 

.4145                     2,412.6 

.0109773 

i-'tiMiy   taken   as   60%   of  that   of  pure 
aluminum   taken   as   167.111    Ibs.   per  cu.   ft. 

copper.     Weight  of  pure 

CicniT.il  I •'ormiilax  for  Wiring.  (  From  (Jeneral  Electric  Co.  literature.) 
Area  <>l  conductor  in  ciicular  mils  I>\\'K-r-PE2;  Volts  lost  in  line  = 
I'l-'.M  •••nt  in  nnin  conductors  =  WT -*•  E\  Weight  of  copper 

in  line  -  \  \VK1>-  -=-  1'K  <  W>;  where  D  =  distance  of  t  ran-mi-non  (one  way) 
in  feet.  \V  t.-t:il  watts  delivered  at  the  end  of  line,  P  =  per  cent  loss  of  W 
in  line,  an<l  E  =  voltage  between  the  conductors  at  the  receiving  end  of 
line.  A,  K,  and  T  are  constants  having  the  following  values: 

K. 
— Per  cent  power  factor 


Single  -phase  
Two  pha-o  (4  wires)  .  . 
Three-phase  (3  wires). 

Single-phase  
Two-phase  (4  wires) 

6.04 
12.08 
9.06 

100            95             90             85 
2160         2400         2660         3000 
1080          1200          1330         1500 
1080         1200         1330         1500 
T 
',  Per  cent  power  factor  
100            95             90             85 
...    1               1.05         1.11         1.17 
0  5                  53.               ">.">               59 

80 
33X() 
1690 
L600 

80~" 
1  .  2.-> 
.62 

Three-phase  (3  wires)  

.58            .61 

.04 

.68 

.72 

K  Jfor  continuous  current  =  2160,  T  =  l,  4=6.04,  and  M—\. 
Values  of  M  .  —  Wires  18  ins.  apart,  c.  to  c. 

Gauge 

25  Cycles. 
-  —  Power  Factors  —  > 

40  Cycles.                       60  Cycles. 
Power  Factors  «  •  Power  Factors—^ 

B.A.8 

95 

90 

85 

80 

95 

90       85 

80 

95 

90 

85 

80 

(MIDI) 

.17 

1.16 

1.12 

1.06 

.32 

1.36  1.36 

1.32 

1.53 

.64 

1.67 

.66 

000 

.12 

1.09 

1.05 

.99 

.24 

1.26  1.24 

1.19 

1.41 

.49 

1.50 

.47 

00 

.08 

1.04 

.99 

.92 

.18 

1.18  1.14 

1.09 

1.32 

.36 

1.35 

.31 

0 

.05 

1 

.94 

.87 

.13 

1.11   1.06 

1.01 

1.24 

.26 

1   24 

.19 

1 

.02 

.96 

.90 

.83 

.09 

1.05  1 

.94 

1.18 

.17 

1.14 

.08 

2 

.93 

.86 

.79 

.05 

1.01      .95 

.88 

1.12 

.10 

1.06 

3 

.98 

.91 

.84 

.76 

.02 

.97      .90 

.83 

1.08 

.05 

.99 

.93 

4 

.96 

.89 

.81 

.74 

.94      .86 

.80 

1.05 

.94 

.87 

6 

.94 

.86 

.78 

.70 

.97 

.90      .82 

.74 

1 

.94 

.87 

.79 

8 

.85 

.76 

.68 

.94 

.87      .79 

.71 

.97 

.89 

.82 

.74 

10 

.92 

.83 

.75 

.67 

.93 

.85      .76 

.68 

.94 

.86 

.79 

.71 

125  C 

'ycles. 

25  Cycles. 

oooo 

2.21 

2.54 

2.72 

2.76 

1.22 

1.23   1.20 

1.15 

000 

.97 

2.22 

2.34 

2.37 

1.16 

1.15  1.11 

1.05 

00 

.77 

.96 

2.04 

2.04 

1.11 

1.08  1.04 

.97 

Wire 

*?36 

ins.  c. 

to  c  .: 

(I 

.61 

.74 

1.80 

.79 

1.07 

1.03      .98 

.91 

for  voltages>  lO.OOOi 

1 

.47 

.57 

1.59 

.56 

1.04 

.99      .93 

.sO 

2 

.37 

.42 

1.42 

.39 

1.02 

.95      .89 

.82 

.27 

.30 

1.28 

.24 

(Power  factors  in  per 

4 

.20 

.21 

1  .  is 

.13 

crnt.       Examples 

6 

.  10 

.07 

1.02 

.96 

on 

next  page 

use 

8 

.03 

,M 

.02 

.85 

ol.l 

,  incorrect 

val- 

10 

.99 

.92 

.85 

ues  of  M.) 

The  values  of  M  in  the  above  tables  are  corrected  valuer  published  by 
Mr.  Harold  Pender  in  /•/.  H'W.,  July  1,  1905. 

The  values  of  M  in  the  above  table  are  about  true  for  10%  line  loss. 
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They  are  reasonably  accurate  for  losses  less  than  10%,  under  40  cycles, 
and  flose  enough  for  larger  losses.  If  the  largest  conductors  are  used 
at  125  cycles  and  the  loss  is  greater  than  20%,  the  values  should  not  be 
used.  If  the  conductors  are  closer  to  each  other  than  18  inches,  the  loss 
will  be  less  than  that  given  by  the  formula,  and  if  very  close  together,  aa 
in  a  cable,  the  loss  will  be  that  due  to  resistance  only. 

For  a  direct -current  3-wire  system,  the  neutral  feeder  should  have  a 
section  equal  to  one-third  of  that  of  the  outside  wires  as  obtained  from 
formula.  For  both  alternating  and  direct  current  the  secondary  mains 
and  the  house  wiring  shouJd  have  the  neutral  wire  of  the  same  area  as 
the  outside  conductors. 

For  the  monocyclic  system  (power  and  lights)  calculate  the  primary 
circuit  as  if  all  the  power  were  transmitted  over  the  outside  wires,  the 
size  of  the  power  wire  to  be  to  either  outside  wire  as  the  motor  load  (in 
amperes)  is  to  the  total  load  in  amperes.  Secondaries  leading  to  induction 
motors  should  all  be  of  the  same  size  as  for  a  single-phase  circuit  of  the 
same  capacity  in  kilowatts  and  same  power  factor.  The  three  lines  of 
a  3-phase  circuit  should  be  of  equal  cross-section. 

Power  Factor: — When  not  more  accurately  determinable,  take  as  follows: 
Lighting  only,  95%;  lighting  and  motors,  85% ;  motors  only,  80%.  For 
lighting  circuits  using  small  transformers  the  voltage  at  transformer 
primaries  should  be  3%  higher  than  the  voltage  X ratio  of  transformation. 
For  motor  circuits  substitute  5%  for  3%  in  the  preceding  rule. 

Examples: — Direct-current  circuit,  1,000  110- volt  lamps,  each  taking 
0.5  ampere;  line  loss,  10%;  two  wires;  distance,  2,000  feet. 

Circular  mils  =  2,160  X 2,000  X  ( 1 ,000  X  0.5  X  1 10) -H  (10 X  1 102)  =  1 ,963,636. 

Volts  drop  to  lamps  =  10XllOXl-HlOO=ll   volts. 

Three-wire  circuit, — 220  volts  between  the  outside  wires:  Area  of  each 
outside  conductor  =  2,160  X  2,000  X  ( 1 ,000  X  0.5  X  1 10)  H-  ( 10  X  2202)  =  490,- 
900  cir.  mils.  Area  of  neutral  or  third  wire  =  490,900^-3  =  163 ,633  cir.  mils. 
Volts  loss  in  circuit  =  10  X  220  X  1  -*•  100  =  22  volts. 

Alternating  currents:  Two- wire,  single-phase;  10  to  1  transformers 
2  volts  loss  in  secondary  wiring;  transformer  drop  =  3%;  loss  in  primary 
line  to  be  5%  of  the  delivered  power;  efficiency  of  transformer  =  97%. 
Volts  at  transformer  primaries  =  (110  + 2)  X 10  X  1.03  =  1153.6. 

Watts  required  by  lamps  =  1,000  X  110X0.5  =  55,000.  Watts  required 
at  primaries  =  55 ,000 +  (0.98X0.97)  =  58,000.  Cir.  mils  =  2,000  X  58,000  X 
2,400  +  (5  XI, 153. 62)  =  41, 760. 

Three-phase,  3-wire  power  transmission,  60  cycles;  3,500  H.P.,  5  miles; 
loss,  10%  of  delivered  power;  voltage  at  motor  =  5,000;  power  factor 
of  load  =  85%.  Circular  mils  =  (5,280  X  5)  X  (3,500  X  746)  X  1,500 -s- 
( 10  X5,0002)  =  413,582.  Two  0000  wires  have  this  area,  also  four  0  wires. 
If  the  latter  are  used,  the  drop  will  be  only  73.3%  of  that  when  using  the 

larger     wires      (j^)  •      Per     cent     loss  =  5, 280X5  X  3, 500X746  XI 500 -s- 

(4X105,592)X5,0002  =  9.79%  of  the  delivered  power,  or  322.6  II. P.  loss 
in  the  transmission.  Volts  lost  in  line  =  9.79  X  5,000  X  1.46 •*•  100  =  715. 
Volts  at  generator  =  5,000  +  715  =  5,715.  Current  in  line  =  3,500X746X 
0.68  H- 5,000  =  355  amperes. 

Calculations  applying  to  Transmission  Circuits.  The  E.M.F.'s 
in  the  various  parts  of  a  transmission  system  may  be  calculated  by  means 
of  the  following  table  and  the  method  employed  in  the  example  given. 
Line  Constants.  (Wires  18  in.  apart.) 


GauRp 

,  Wt., 

Diam.  Area, 

Reactance,  X.  . 

B.&S 

.  Ibs. 

mils. 

cir.  mils 

.  R. 

L. 

C. 

i. 

/  =  25 

40 

60  125. 

0000 

3,376 

460 

211,600 

.266 

1.48 

.0102 

.0385 

.232 

.372 

.558 

.16 

000 

2,677 

410 

167,800 

.335 

1.52 

.00996 

.0375 

.239 

.382 

.573 

.19 

00 

2,123 

365 

133,100 

.422 

1.56 

.00973 

.0366 

.245 

.392 

.588 

.22 

0 

1,685 

325 

105,500 

.533 

1.60 

.00949 

.0358 

.251 

.402 

.603 

.26 

1 

1,335 

289 

83,690 

.671 

1.63 

.00926 

.0349 

.256 

.409 

.614 

.28 

2 

1,059 

258 

66,370 

.845 

1.66 

.00909 

.0342 

.261 

.417 

.625 

.30 

3 

840 

229 

52,630 

1.067 

1.70 

.ooxs:* 

.0333 

.267 

.427 

.641 

.33 

4 

666 

204 

41,740 

1.346 

1.73 

.00863 

.0326 

.272 

.435 

.652 

.36 

5 

528 

182 

33,100 

1.700 

1.77 

.00845 

.0319 

.278 

.445 

.667 

.39 

6 

419 

162 

26,250 

2.138 

1.81 

.00827 

.0312 

.284 

.455 

.682 

.42 

7 

332 

144 

20,820 

2.698 

1.84 

.00809 

.0305 

.289 

.462 

.693 

.44 

8 

263 

128 

16,510 

3.406 

1.88 

.00793 

.0295 

.295 

.472 

.708  1.48 
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.«ht  given  in  |l>«.  |*»r  milo  of  wire;  R  ohms  per  mile  of  conductor; 
£-inductan<p  in  millihenry-  per  mile;  C~capacity  in  microfarads.  of 
two  wire*,  each  one  mile  in  length;  t-  charging  current  of  lino  of  t\v> 
wires  (/-60,  /?-  10.000  volts)  -  2.T/CA  1  f  )  X  reactance  :.'-//.  lo  . 

Z-^/R'  +  X'. 

.'   U-  re<|iiired  t..  tr.-iii-rnit   LV7IHI   II  ;  plUUM  PIFOlUt    10  miles 

in  length.  the  nower  bring  generated  at   1,000  volt.-,  rai-ed  through  • 

•ner  to   1O.OIM)  volts  for  t  rati-tni--  mti  along  the  line,  ami  reduced 
t..    l.iMM)   \o|t-  at    the   receiving  end   by  a  step-down  transformer.     T 

efficiencies  -97.5%;    copper  |o,>   in  ouch.    1%;    core  or  hysteresis 

in  .Mrh,   1.5%;    reactance  =3.5%;    magnetizing  r-urrent  -4%. 

In  transmission*  15%,  10  of  which   is  mime;   power  factor  =  0.85.     Voltage 

••en    any    branch    and    the    Common    center    of    system  =  E-*-  ^3  =- 

10.000  +  v/3~-  5,774.     Energy    delivered    by    each    wire  =  2,700  X  746  -s-  3  - 

M7I.-HX)    watts.     Apparent    energy    per    branch  =  67  1,400-*-  0.85  =  790  ,000 

Current    in   ea«'h   wire  =  790,000  •+•  5,774  =  136.8  amperes.      Drop   in 

each  wire  =  10%  of  5,774  =  577.4  volt-,      lie-stance  of  each  wire  =  577.4  -s- 

-     4.22  ohms,  or  0.422  ohms  per  mile,  which  is    the  resistance  of  a 

00   wire;  consequently,    three  00   wires    will  carry   the   load.     Reactance 

of    10    miles    single    conductor  =  0.588  X  tO  =  5.88    ohms.     Inductance    for 

10    miles  —  10  X  1.56=  15.6    millihenrys.     Charging   current    for   each    line, 

for  10  miles  =  .0366  X  10  =  0.366  amp.     Power  factor  being  0.85,  the  induct- 

ance   factor  =  v/i  -0.852  =  0.52. 

To  find  the  E.M.F.  at  generator  and  the  distribution  of  current  when 
full  load  is  on,  the  entire  system  may  be  considered  at  10,000  volts  for 
convenience  in  calculation 


Impressed  E.M.F.  =      1  (energy  E.M.F.'s)2-*-  J  (Induction  E.M.F.'.-;-. 

Commencing  with  the  secondary  circuit,  working  back  and  tabulating  the 
steps,  the  following  is  obtained. 


Energy 
E.M.F. 

=  4,909 


Secondary  Circuit : 

Kriergv,    K.M.F.  =  5.774X0.85 
Iiulurme  K.M.F.  =  5,774X0.52 
Current,  in  amperes  = 

Step  -down  Transformers: 

Resistance  loss,  7/2  =  1%     of  5,774     =»        58 
Reactance     "     IX  =  3.5%  of  5,774    = 
Hysteresis     "  =1.5%  of  136.8    = 

4,967 
Line- 

Resistance  loss,  7ft  =  138.85  X  4.22      =      586 
Reactance     "     7^  =  138.85X5.88     = 


(Volts  at  terminate  of  step-up  trans- 
formers =  ^5,5532  +  4,0222  =  6,857.) 
Step-up  Transformers 

-tance  loss,  7/2  =  1%  of  6.857 
Reactance     "     IX  =  3.5%  of  6,857 
Hysteresis    "     1.5%  of  138.85 


5,553 


5.622 


Inductive 
E.M.F. 


3,003 


3,205 


817 
4,022 


240 


4,262 


Current. 


136.8 


2.05 
138.85 


138.85 


2.08 
140.93 


Volt.-    at     generator ->/5.622' 4  4.2f,22 -7,055     volts,    or,     reduced     by 
10.1    ratio.    -705.5   volts,   for  one  branch.     Tho   total  generator    F.M.F. 
would  then  be  705.5  X  vT=  1,222  volts,  or  total  volts  at  generator  =  1 2J 
of  volts  at   secondaries   of  receiving  transformers,   and   the   power  factor 
of  the  entire  circuit  is  1,000-5-1.222=0.818. 

Inductance  for  Parallel  Copper  Wires,  Insulated.     L  per  1,000  feet 

per  wire -0.01524 +  0.14  log  — ;    7.  per  1,000  ft.  of  the  whole  circuit  for  a 
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3-phase  line  =0.02639 +0.2425  log  —,  where  /.  is  in  millihenrys,  d  and  r 

being  respectively  the  distance  between  centers  of  wires  and  radius  of  wire, 
bath  measured  with  the  same  unit. 

Capacities  of  Conductors.     Lead-protected  cables:    Microfarads  per 

1,000ft.  of  length  =0.007361/C -s- log  — .     Single  overhead  conductors,  with 

a 

earth  return:   Microfarads  per  1,000  ft.  =0.007361  H-log  —. 

d 
Each  of  two  parallel,   bare  aerial  wires:    Microfarads  per  1,000  ft.  •=• 

0.00368  I-H  log—.     In  the  above,  7>  =  diam.  of  cable  outside  of  insulation, 

d  =  diam.  of  conductor,  di=distance  between  wires,  c.  to  c.,  Ji  =  height 
above  ground,  r^radius  of  wire,  A"  =  specific  inductive  capacity  of  in- 
sulating material.  D,  d,  d\,  h,  and  r  should  all  be  measured  by  the  same 

Heating  of  Conductors.  Insulated  parallel  wires:  Diam.  in  inches-^ 
0.0147^7^  (Kennelly).  Bare  wire*:  Diam.  in  mils  =  45 "&1 2 -*- ( T  -  I )', 
where  7  =  current  in  amperes,  77  =  temp.  of  wire,  and  *  =  temp.  of  air,  both 
in  degs.  F. 


B.  &S. 

Rubber-  Weather- 

Circular        Rubber-  Weather- 

Gauge. 

covered,     proof. 

mils,            covered,     proof. 

14 

12                 16 

400,000           330           500 

12 

17                23 

600,000           450           6SO 

10 

24                32 

800,000           550           840 

8 

33                46 

1,000,000           650          1000 

6 

46                65 

1,500,000           850          1360 

4 

65                92 

2,000,000         1050      .    1670 

2 

90              131 

The  capacities  are  in  am- 

0 

127              185 

peres.      No     smaller     wire 

000 

177              262 

than  No.  14  to  be  used. 

0000 

210             312 

Rubber  covering  to  be  &  in.  thick  for  No.  14  to  No.  8,  -?g  in.  for  No.  7 
to  No.  2,  A  in.  for  No.  1  to  0000,  &  in.  for  No.  0000  to  500,000  cir  mils., 
A  in.  up  to  1,000,000  cir.  mils,  and  i  in.  above  1,000,000  cir.  mils.  Weather- 
proof coverings  must  have  the  same  thicknesses,  the  inner  coating  to  be 
fireproof  and  0.6  of  the  total  thickness. 

Insulation  Resistance  (National  Code).  The  wiring  in  complete  instal- 
lations must  have  an  insulation  resistance—  ( —  — ^  in  ohms. 

Vamperes    flowing / 

Fuses.  Fuses  for  5  amperes  and  less  should  be  1.5  in.  long,  and  0.5 
in.  should  be  added  for  each  additional  5  amperes.  Round  wire  should  not 
be  used  for  over  30  arnp., — above  that,  use  a  flat  strip.  Fusing  current  = 
ad$,  where  d  =  diam.  in  inches  and  a  is  a  constant  having  the  following 
values:  copper.  10,244;  aluminum,  7,585;  piatinum,  5,172;  iron,  3,148; 
tin,  1,642;  lead,  1,379;  2  lead  +  1  tin,  1,318. 

Diameter  in  Inches. 


Amperes.  Copper.  Iron.  Tin.  Lead. 

1  .0021  .0047  .0072  .0081 

10  .0098  .0216  .0334  .0375 

50  .0288  .0632  .0975  .1095 

100  .0457  .1003  .1548  .1739 

200  .0725  .1592  .2457  .276 

300  .095  .2086  .322  .3617  (Preece.) 

ELECTRIC    LIGHTING. 

Arc  Lamps.  45  to  60  volts,  9.6  to  10  amp.,  2,000  candle-power  (nomi- 
nal); 45  to  50  volts,  6.8  amp.,  1,200  candle-power  C  nominal).  Fnclosed 
arcs  require  80  volts,  5  amperes;  carbons  burn  from  100  to  150  hours. 
Alternating-current  arc  lamps  require  28  to  30  volts  and  15  amperes. 


IN)  <>TI.<H\II 

The  ment  >   the  mean   of  that   f.ver  a 

•  •  <.f  which  the  light    i-  lual-.appp  J  ^- , 

//  i-  the  I,  limutt  r.-j>.  '40°  l»e!ow  hori- 

•  direct  current  atc>.      'J'li<-  continental  unit  of  lurht  La  the  hefne*r, 

lie-power. 

I0r;   of  the  illumination,  ground-flaM  globes 
;-nd  opal  globe-  from  .')()  to  60%. 

Incandescent   Lamps,   usuall]    i(>  c.  p.,   require  from  .'{  to  ?,.'> 

•p.  an. I  have  a  h:.  :  .oon  hour-.  i,!d  not,  however, 

be    Used    over    <>OO    h"Ui-,  a-    their    efh< ••  The 

iiiic:il    point    :it    which   to   renew    a   lamp   'i.e.    the    "smashing" 
point  i  mav  I .e  found  as  follow-  : 

Hours  lamp  should  be  u-ed  =cv«-5- A',  wliec-   /.'      COrt   of  laniji  pe-  r.-p.. 

I. OHO    watt-hour*  of  enerirv.   and   r    -1.-410     \\-Jien   the     it 
of  \\att-  per  c.-p.  per  hour  <,f  u.se=0.001  (c=l.ODD  wlien  increase —0.002, 
an.)  M.'i  when  n 

The  TaiHaluin  I  lira  udeseent  I, a  nip  bu  .-,  BM  wire  of  this  rare  metal 
in  |i!:ice  of  the  ordinar\  carbon  filament.  I'P  .'iialum:  rneltinK 

point  •  2,300°  C.,sp.  heat     n  I6^:sp.  re«u<tance  (Im.Xli 

o.l<i.'>  (,hm.  The  n-i-ti\itv  inerea-e--  with  the  temperature  and  at 
1.5  watt-  |  er  <-.-p.  O..s."».".  l.an.|»  '  1  .."i  watt--  j  er  c.-p.J  have  a  u.<«eful 
:ni)  n>  f.no  hour-. 

Illiiiiiiiiation.  An-  lamj)s:  for  outdoor  r>r  street  illumination,  100  to 
l.">0  si|.  ft.  ;.»-r  \v:itt;  for  railway  stations,  10  to  18  sq.  ft.  per  watt;  for 
large  halls,  exhibitions,  etc,  2  sq.  ft.  per  watt;  for  reading-rooms,  1  sq.  ft. 
per  watt  and  for  intense  illumination  0.5  sq.  ft.  per  watt. 

Incandescent  lamps:  (1(1  c.  -p.  i.  Ordinary  illumination,  sheds,  depots, 
etc..  1  lamp  (8  ft.  from  floor)  for  100  sq.  ft.;  waiting-rooms,  1  lamp  for 
7"i  -<i  ft.;  >tore<  and  offices,  1  lamp  for  60  sq.  ft.  Hark  walls  require  an 
increa.se  in  the  above  figures.  NYrn-t  lamjis,  having  a  "glower"  formed 
of  metallic  oxides  which  becomes  incandescent  during  the  pa.ssageof  current, 
are  made  in  sizes  from  25  to  150  c.-p.  and  require  about  1.6  watts  per  c.-p. 


i;i.i:c  TKH    TRACTION. 

Tractive  Force  and  Power.     The  force,  F,  required   to  bring  a  ear 
from  rest    to  a  certain  speed,  *,  (in  miles  per  hour,)  within  a  given  time, 


t,  (in  F  Cm   Ibs.)  =/+      ><       +  20H>.   where    TF  =  weight    of 

ear   in    ton.-.   /     (20   to   30):-:  II*.   and    )>     per  cent    of   grade. 

It    take.-  a  pull  of  about   70  Ibs.  per  ton  to   start    a   car  on  a  level  or  to 
round  a  curve.      If  there  is  a  grade,  the  start  ing  pull  in  Ibs.  -(70  +  -'1 
ba-ed    "ii    a    .-peed    of  !)   mile-    per   hour   being  at  t  ained    in    20  sees. 

The  average   11.1'.  required      O.OQ133Ft+i,  where  >}  -=  efficiency  of  motor 
(from  50  to  «'>()%).     The  i>er  cent  grade,  p,  at  which  slipping  occurs  when 

iiiir  '  -:?..">,  where  a  =  ratio  of  adhesive  force  to  weight  on 

drivers,       0  1  !'.">  to  0  1  fi.  ami  .r    -weight  on  drivers  :  total  weight  of  ear. 

lOO'i       ,   _ 
\\  hen   runfung.    j>  —  1.5. 

Resistance  of  Kails  used  for  Returns.  Cir.  mils  of  .  ,  of  a 

rail  r_'J.7">OU';  e(|iii\alent  cir.  mils  of  rail  section  in  copper  —  20  ,800  fF; 
Kesi-tatice  of  a  single  rail  per  mile  ;  in  ohms  -=-  2.5-r-  IT.  approx.  (\"aries 
from  2..">  to  5  according  to  the  chemical  composition  of  rail.)  JP  =  weight 
of  rail  iti  11.-.  per  yard.  _ 

Safe  Current  for  Feeders,  in  amperes,  =  v/(diam.  in  mils)3  -5-  1,300. 

llea\\     rieetrie    Ra  il  roadinc.     Train    resistance,    R,   in  Ibs.  per  ton 

of  2,000  Ibs.  =3  -M.f>7«  +  0.0025  —  —  ,   where   *  =  speed   in  miles   per  hour, 

A"  cro-i-  spction  of  car  in  sq.  ft.,  »/•--  weight  of  train  in  tons  of  2,000  Ibs. 
This  formula  was  found  applicable  to  conditions  met  with  on  the  Long 
Islai.  N.  Smith.'A.  1.  K.  J-,  H-25,  1904). 
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A  formula  due  to  Aspinall  is  said  to  give  satisfactory  results: 
R  Cm  Ibs.  per  metric  ton  of  2,200  lbs.)  =  2.5  +  s3-K51  +  0.028L),  where 
L  —  length  of  train  in  feet.  The  starting  resistance  varies  according  to 
the  vvneel  diameter,  condition  of  track,  etc.  Aspinall  gives  as  a  fair  average 
17  ibs.  per  ton  of  2.200  Ibs.  for  best  conditions. 

Electric  Passenger  Locomotive  (N.Y.C.  &  H.R.Ry.).  Type  2-8-2; 
drivers  44  in.  diam.;  trucks,  36  in.  diam. :  diam.  of  driving  axles  =  8.5  in.; 
wheel-base  <>f  drivers  =  15  ft.,  total  wheel-base  =  27  ft.  Weight  on  drivers  =• 
138.000  Ibs.;  on  trucks,  52,000  Ibs.;  total  weight  =  190,000  Ibs. 

Power:  direct  current,  600  volts;  4  motors,  each  550  rated  II  V.  Max- 
imum power  =  3,000  H.P.  Normal  full-load  current  =3,050  amperes. 
Max.  current .  =  4,300  amp.  Normal  draw-bar  pull  =20,400  Ibs.,  max 
pull  =  32,000  Ibs.  Speed  with  a  500-ton  train  =  60  miles  per  hour.  (General 
Electric  Co.,  builders.) 


ADDENDA. 


Large  Gas  Engines.  Belgian  and  German  Practice.  Compression, 
170  to  200  Ibs.  per  sq.  in.;  m.e.p.  generally  taken  as  70  Ibs.  per  sq.  in. 
Cooling-water  per  B.H.P.  per  hour:  cylinders,  cylinder-ends  and  stuffing- 
boxes,  4  to  5.25  gal.;  pistons  and  piston-rods  (hollow),  1.75  to  2.75  gal.; 
valve-boxes,  seats  and  exhaust-valves,  0.88  to  1.38  gal.  (Water  entering 
at  60°  F.  and  leaving  at  95°  to  115°  F.)  Engines  are  started  by  com- 
pressed air  (150  to  250  Ibs.  per  sq.  in.)  and  the  lubrication  is  effected  by 
means  of  a  forced  oil-feed.  The  foregoing  for  engines  of  200  to  1,000  H.P. 

An  Otto-Deutz  4-cycle,  double-acting  engine  (223  B.H.P.)  using  suction- 
producer  gas  made  from  Belgian  anthracite  (14,650  B.T.U.  per  Ib.)  re- 
quired 0.704  Ib.  of  dry  coal  per  B".H.P.  hour.  (R.  E.  Mathot,  Liege  Meet- 
ing of  I.  M.  E.,  1905.) 

Shearing  Strength  of  Rivets  in  Ibs.  per  sq.  in.  Single-shear:  Iron, 
40,000;  steel,  49,000.  Double-shear:  Iron,  78,000;  steel,  84,000.  Dis- 
tance from  center  of  rivet  hole  to  edge  of  plate  should  be  about  2d.  (E. 
S.  Fitzsimmons,  Master  Steam-Boiler  Makers'  Convention,  1905.) 

A  safety  factor  of  4-fc  should  be  employed.  In  butt-joints  with  two 
butt-straps  or  cover  plates  the  rivets  are  in  double  shear  (page  21). 

Flow  of  Air  In  Metal  Pipes.     Q  =  cV  ->-,  where  d  =  side  or  diam.  in 

in.,  F  =  friction  in  ounces  per  sq.  in.,  Z/  =  length  in  ft.,  Q  =  cu.  ft.  per 
min.,  c  =  4.4  for  round  and  5.5  for  square  pipes.  For  a  90°  bend  in  the 
pipe,  add  E  feet  to  L,  (E  =  kd.)  Let  r  =  mean  radius  of  bend  in  in. 
Then,  when  r  +  d  =  0.5  1  1.5  2 

fc  =  5  43  2 

(J.  H.  Kinealy,  E.  N.,  Aug.  10,  1905.) 

When  r  =  2.5  d  the  bend  offers  the  least  resistance,  and  E  (in  inches)  =» 
3.38  X length  of  the  curved  portion  of  pipe,  measured  along  the  center  line 
at  radius  r.  (C.  W.  L.  Alexander,  Trans.  I.  C.  E.,  1905.) 
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MATHEMATK  8, 

Metric  H.P.  (Force  de  cheval).  1  metri<-  II  I'. -75  m.-kgs.  per  sec.- 
542.475  ft.-lbs.  per  sec.  =0.9863  Hritish  H.I',  il  Hriti.sh  H.P.  =  1.01389 
metric  H.P.).  1  meter-kilogram  (m.-kg.)  =7.233  ft.-lbs.  1  ft.-lb  =• 
0.138255  m.-kg. 

GuldimiH'  Theorems  for  Area*  and  Volumes. 

1.  if  a  straight  or  curved  line  in  a  plane  revolves  about  an  axis  lying  in 
that  plane,  the  area  of  the  surface  so  generated  is  equal  to  the  length  of 
the  line  multiplied  by  the  distance  through  which  its  center  of  gravity 
moves 

L'  If  a  plane  area  revolves  about  an  external  axis  in  the  same  plane, 
the  volume  of  the  solid  so  generated  is  equal  to  the  area  of  the  figure  mul- 
tiplied by  the  distance  through  which  its  center  of  gravity  moves 

Center*  of  Gravity  of  I,ine».  Straight  line:  Its  middle  point. 
Circumference  of  a  triangle:  Form  an  inner  triangle  by  connecting  middle 
points  of  sides  and  inscribe  a  circle;  the  center  of  circle  is  c.  of  g.  desired. 
Circumference  of  parallelogram:  At  intersection  of  diagonals.  Circular 
arc:  On  middle  radius  at  distance  x  from  center  of  circle  [x  =  (chord  X  ra- 
dius) -5- length  of  arc].  For  very  flat  arcs  c.  of  g.  lies  J/i  from  chord,  where 
h  =  height  of  arc. 


MATERIALS. 

Metals,  Properties  of. 

o      r<  Lbs.  per  Fusing- 

Sp-  G-  cu.  in  points. 

Antimony 6.7  0.242             806°  F. 

Hismuth: 9.8  .354             516 

I..-H.1 11.38  .411             620 

i^anese 8.  .289  3,452 

Nickel 9.  .325  2,678 

Platinum..                           .21.5  775  3,272 


Alloy*.  Sterro  Metal  (Tensile  strength  T.S.=  60,000  Ibs.  per  eq 
in  >:  55%  Cu  +  42.36%  Zn  +  1.77%  Fe  +  0.1%  Sn  +  0.83%  P.  AVolfram- 
Inhims  0.375%  Cu-f 0.105%  Sn  +  98.04%  A1  + 1.442%  Sb-f-0.038  W. 
M.icnallums  2  to  25%  Mg  +  98  to  75%  Al.  Sp.  g.,  2.4  to  2.54;  fusinK- 
jMiint,  1.100°  to  1,300°  F.  With  10%  MK,  alloy  has  properties  of  rolled 
zinc;  with  25%,  those  of  bronze.  Parson*'  MjUUHUieM  Bronze :  60% 
<7.5%  Zn  +  1.5%  Fe  +  0.75%  Sn-l-0.01%  Mn  +  0.01%  Pb  (for  sheets); 
56%  Cu  +  42.4%  Zn  +  1.25%  Fe  +  0.75%  Sn  +  0.5%  Al  +  0.12%  Mn 
(for  sand  castings).  T.S.  =70,000  Ibs.  per  sq.  in.;  elastic  limit,  30,000 
Ibs.;  elongation  in  6  in.  =  18%;  reduction  of  area  =  26%. 

\l. •kcl-Viinadiiiiii  Steel.  (Carbon  content  =  0.2%.)  With  2%  Ni, 
and  0.7%  V.  tensile  strength  =90.000  Ibs.  per  sq.  in;  increasing  V  to  1%, 
T.S. -120,000.  With  12%  Ni  and  0.7%  V,  T.S.  =  200,000;  increasing  V 
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to  1%,  T.S.  =  220,000.  By  tempering  the  90,000  Ib.  steel  (heating  to  1,560° 
F.  and  quenching  in  water  at  68°  F.)  its  T.S.  is  raised  to  168,000.  Elastic 
limits  about  80%  of  T.S.  Elongation  for  2%  Ni  steels  about  22%;  for 
12%  Ni  =  6%. 

Malleable  Iron,  Ultimate  Strength.  Round  bars  tensile  strength  =» 
43,000  Ibs.  persq.  in.,  approx.;  elongation  =  7%  in  8  in.;  reduction  of  area 
=  3.75%.  Square  and  star-shaped  sections  have  about  85%  of  the  strength 
of  circular  sections.  Compressive  strength  is  from  31,000  to  34,000  Ibs.  per 
sq.  in.  (Mason  and  Day.) 

Steel.  Each  per  cent,  of  the  carbon  content  of  a  steel  is  divided  into 
100  parts,  each  of  which  is  called  a  "point";  thus,  a  40-point  carbon  steel 
is  one  containing  0.4%  of  carbon. 

Portland  Cement  Concrete  in  Compression  (safe  strength).  /,.  (di- 
rect compression)  =  4,260n-  («  +  0  +  4.4),  where  a  and  g  are  the  No.  of  parts 
of  sand  and  gravel  in  the  mixture  to  one  part  of  cement  (c).  For  one  cubic 
yard  of  concrete,  No  of  bbls.  of  cement,  N  =  11  -5-  (c  +  s  +  g);  No.  cu.  yds. 
sand  =  0.1 41  Ns;  No.  cu.  yds.  gravel  or  crushed  stone  =  0.1 41  Ng.  (1  bbl.=« 
3.8  cu.  ft.) 

STRENGTH    OF    MATERIALS. 

Elastic  Limit.  Yield-Point.  Permanent  Set.  The  elastic  limit 
is  the  point  at  which  the  strains  begin  to  increase  more  rapidly  than  the 
stresses  causing  them.  This  increase  of  strain  is  initially  slight  but 
becomes  marked  later  at  what  is  called  the  "yield-point"  (e.g.,  when 
scale-beam  of  a  testing  machine  suddenly  drops).  That  part  of  the 
strain  which  does  not  disappear  when  the  stress  is  removed  is  called  the 
"permanent  s.t."  If  none  of  the  strain  disappears  on  removal  of  the 
stress,  the  material  is  said  to  be  "plastio,"  if  the  greater  part  remains, 
the  material  is  "ductile,"  and  'f  the  material  breaks  under  very  low  stress 
and  slight  stretch,  it  is  said  to  be  "brittle." 

Transverse  Elasticity  (see  page  18).  In  formula  C  = /a -*-<**,  S8  is  the 
strain  between  two  shear  planes  1  in.  apart. 

Pure  Shear  Stress  (I'ltimate)  =CXult.  tensile  stress,  where  C  = 
1.2  (1.1  to  1.5)  for  C.  I.,  1.25  for  phosphor  bronze  and  yellow  brass,  0.9  for 
gun-metal,  0.6  for  alloy  bronzes,  0.75  for  W.  I.,  and  0.12 carbon  steel,  and 
0.65  for  0.70  carbon  steel.  (E.  G.  Izod,  Engineer,  London,  12-29-'05.) 

Aluminum  (99%  pure).     Breaking  and  safe  stresses  in  Ibs.  per  sq.  in.: 

Tension.  Compression. 

'""Breaking.  Safe.  Breaking.         SafeT 

Castings 14.000-18,000         3,500-4,500         16,000  3,000 

Sheets,  bars 25,000-40,000         6,000-7,000         20,000  5,000 

Wire 30,000-35,000          (E  =  1 1 ,500,000  for 

cast  metal.) 
Allowable  Fiber  Stresses  in  Lbs.  per  Sq.  In.  (Bach 

W.  I.  Steel.  C.  I. 

Low  High  Cast- 

Carbon.        Carbon.  ings. 

Tension,  /<=  12,800          12,800          17,000  8-.500  4,300 

17,000          21,300          12,800 
Compression, /e=  12,800  12,800          12,800 

17,000 
Bending,  fb  =  "  "  10,700  (a) 

15,000 
Shearing,  /«=  10,200          10,200          13,700  fi.SOO  4,300 

13,700          17,000          12,000 

Torsion,  ftw-  5,100  8,500          12,800  (6) 

12,000          17000 

(The  higher  values  are  for  homogeneous  metal,  not  too  soft.) 

(a)  For  rect.  sections,  7,300;    circular.  8,800;    I  sections,  6,200. 

(6)  For  circ.  sections,  solid  and  hollow,  4,300;   elliptic  and  hollow  rect., 
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ruriform   ff 
-ses  due  to  a  dead  load,  /' 

(1)  toad  fluctuating  between    o  f  tabular  value*; 

I 

or  rc'.(WH)  rhnrdet 

ML-HI  ..I  «  \iitider-.  According  to  1'rof  ('.  M.  Benjamin,  if  the 
flnnge-  "f  ••  '  '  I  cylinder  are  un-upportcd.  the  initial  fracture  will  be  cir- 
cumferential. if.-.r  tin-  flange*,  and  will  be  caused  \>y  a  pressure  much 

re   -ufficictitly   braced   by  brack 

in-nre    longirudi'iH    fraetur.-  erable    allou-  \)    must    be 

m:id<-    fur     bending    mid    utiu-r    aceider  •  Hydraulic     cylinders 

und<  •  :?.<MW)  Ibs.  should  be  made  from  sir-furnace  iron  or 

•  •:i-tinir>.  as  w.-tcr  will  oo/e  throuirh  ordinary,  open-grain  C.  I.  wall* 
<4.  it.  1     J  '06.) 

'.   of  the  walls  of  ;i    cylinder  under  internal   pn--urr>.   j,, 
be  found  from  the  following  formuln,  which  is  M  simplification 
author  of  a  nit  her  unwieldy  one  due  to  C.   lirsch:    /     ()A'2pd-±-(j,  —  p),  win  TP 
rf-diarn.  of  cylinder  :md  /,     allowable  stress  in  the  matirial  employed  (to 

;  onlv  when  p<0.77/,). 

\'n\  .  I.  ami  l.n,n/p,  4,300  to  8,500  (and  rvrn  10,000  for  strong 

iron';     pboephor-bronM.   T.KIOto    ll.L'OO;    f-r:.-t    -feel.    14,Jf)O  to    17.0OO     for 
M:mne-m:tnri    tu  el,    1«,00()   to   43,000);     W.    I.,    1  L'.SOO  to 

25.60f)       t  .-rid  '/  in  in  ,  p  and  /",  in  11».  per  sq.  in. 

Cotter  Joint-;     \\     1     and    Machinery  Steel).     Diam.  of  rod,  H,  is  en- 
l.-irired   to   D       |  :\:\<l)   iii   sfx-kot.      Socket   dinm.  =  2D  =  2.66rf;    thickness  of 
•••ell      ()_'.-,/>;    mid-depth  of  key,  A-  1.33D-1.75d.     Ends  ,,f  socket 
and  rod  should  extend  j>//  to  j//  beyond  key  slots  (  =  1.25rf,  average). 

Fly-\Vh«M>K     Safe     Vohx-ities     for.        Velocity    in     ft.     per    sec.  = 


.  ,        ir.   wliere  .s      f.-ictor  of  .-.vfety.   r,     ef!]cienry  (,f  joint  used,  to«- 

wt.  of  1  cu.  in.  of  material,  and  /,  =  tensile  stress  of  material. 

H:trd  Cast 

Mr.f>l-.  Iron. 

w       =        .0283  .261  .283 

/,       -       10,500  10,000  60,000 

«        =  40  10  20 

Tn  wooden  rims  «  =  20,  but  ns  tlio  pecments  break  joints  in  assembling 
the  strength  j>  reduced  oiio-half,  makine  8  really  equal  to  40.  Steel  rir 
made  up  from  segments  riveted  together,  and  the  usual  factor  10  is  simi- 
larly increased  to  '_'<>.  I'sinu  above  values  and  considering  wheels  .is 
solid.  7  1.  For  cast-iron  rims,  ^=0.25  for  flange-joints  between  arms, 
=  0.5  for  pad-joints  Onch  firm  having  a  flat  enlarged  face  on  its  end  to 
which  rim-sections  are  bolted).  =  0.6  in  heavy,  thick-rimmed  balance-wheels 
with  joints  reinforced  by  steel  links  which  are  shrunk  on.  (W.  H.  Boehm, 
in  Inm/raiicc  Engineering.) 

Riveted  Joints.     General  Formulas.     (W.  M.  Barnard.) 


F.fTiciencv  «.f  joint      1  --[!+/,  4-  (nfr  +  mfr'}}. 

In  the  above  //  No.  of  rivets  in  sinirle  shear  in  a  unit  strip  eaual  to  the 
max.  pitch  (where  ro\v>  have  different  pitches'),  nnd  m  =  No  of  rivets  .-imi- 
larly  in  double  shear.  /  and  /'  are  re.sj>ectively  strengths  in  single  ami 

double 

/,  (iron)  varies  from  40.00f)   for  single-riveting,  punched   holes  to  50.000 
for   double-riveting,    drilled    holes.      /,    (steel)  =  55.000    (punched    ho]. 
60.000   (drilled   holes).      /„   (iron)      36,000  to  40.000;    /«  (steel)  =  45,000  to 

ron)  -67.000  Cfor  lap-joint)  and  90,000  (for  butt-joint);    1e  (steel)  = 
85.000  (lap>  and   luo.ooo  H 

Helical  Springs  of  IMiosphor-Hronze  will  withstand  the  action  of 
Bait-water.  For  wire  up  to  3  in  diarn.  use  formula-  on  parrs  23  and  24, 
taking  /«-17.825,  and  C  =  6,200,000.  (H.  R.  Gilson,  Am.  .V«rA.,  7-19-'06.) 
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Moment  of  Inertia.  The  following  graphic  method  is  in  extended 
use  among  designers  of  structural  >t<  •<  1 

Divide  area  of  section  A  (Fig.  38)  into  10  or  more  strips  parallel  to 
direction  of  neutral  axis  desired,  and  set  off  lengths  representing  their 
respective  areas  on  the  polar  diagram  at  the  left,  as  01,  12,  23,  .  .  ran. 
These  strip  areas  are  to  be  considered  as  parallel  forces  which  act  at  their 
respective  centers  of  gravity  as  indicated  by  the  small  circles.  Set  off 
pole  O,  making  05  =  JM,  and  draw  OO,  01,  02,  .  .  .  On.  Draw  K0!|00, 
01||01,  12HO2  .  .  .  ,  closing  diagram  witn  nL\\On.  At  J,  the  intersection  of 
nL  and  KO,  draw  JX,  which  is  the  neutral  axis  of  the  section.  Find  the 


FIG.  38. 

area  of  the  equilibrium  polygon,  A,,  then,  Moment  of  Inertia  of  Section  = 
area  .AX area  -A].  (The  greater  the  number  of  strips,  the  more  accurate 
the  results  obtained.) 

Laminated  Springs.  For  nearly  flat  springs,  Deflection  J  =  Wl3-t- 
4  4&0nbt3  (approx.),  but  for  exact  results,  as  true  for  buffing  as  for  ordi- 
nary springs,  Deflection  =  J[l  -c(5c-7J)+3J2]-^-3/2,  where  Z  =  length  of 
arc  of  top  plate,  c  =  camber,  6- and  t  =  width  and  thickness  (all  in  inches), 
n  =  No.  of  plates,  and  TF  =  load  in  tons.  (H.  E.  Wimperis,  Engineer,  Lon- 
don. 9-15- '05.) 

Strength  of  Forged  Rings  (for  hoisting,  etc.).  Consider  the  sus- 
pended ring  to  be  divided  into  two  equal  parts  by  a  vert,  plane,  ^  of  total 
load  TF,  acting  on  each  half  Employ  formula  for  combined  tension  and 

bending  (page  29)    ft  =  w(^-  +  — ),  where  W-  2  t  a  =  *tP  +  4,  r  =  0.5(Z>  +  rf), 

where  D  =  internal  diam  of  ring  and  d  =  diam.  of  iron  used,  r=  1 .6  for  W.  I. 
or  steel,  s  =  rrfs^-32.  This  reduces  to:  /,rf3-2.23JF,rf  =  1  6»r.7),  in  which 
/,  =  5,000  to  6,000  Ibs.  per  sq.  in.  for  safe  tensile  stress  (allowing  for  sud- 
denly applied  load  and  efficiency  of  weld).  H',  in  Ibs.,  rf  and  D  in  in.,  any 
two  of  which  being  assumed,  t«he  third  may  be  derived  from  formula. 

A  formula  discussed  in  Engineering  (London),  5-29  '9"»,  ::nd  arrived  at 
through  a  different  method,  is:  />/:i-l  G-Ml'.,/  =1  62H',/). 

Columns.  Euler's  Formulas.  S;ife  load  IT  -=cr~El^»l-,  where  c  — 
0.25  for  one  fixed  and  one  free  end,  =1  for  both  ends  free,  load  guided,  ^2 
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I  .-inl  and  "ii«-  free  end,  with  load  guided,    •-  4  fur  both  ends 
factor      .".  t«.  H  f,,r  W     I    an.  I  -teel,  H  or  more 

nd  10  for  tir  The  aU.ve  formula  ihoilld  not  !>«•  used  where  / 
(  —  length  MI  MI  )  11  Ic.st  than  'J.W  for  \V  I  an<l  -teel.  or  le>s  than  \'2>l  for 
c  1  where  il  diameter  or  .smaller  rectangular  dimension  of 

CTOM  section  m  in 

oncrete  columns,  c-1,  «-10,  and  E-  (a  +  b)Ee  +  (a  +  1  ), 
where  Er  -  modulus  for  concrete,  a  —  concrete  cross-section  -*•  steel  cross- 
aection,  6  -•  K,tr+\ 

For  shorter  bars   subjected    to    thrust,    the   following   formula,   due    to 
f.  .should  be  employed: 

T-max.  load  in  Ibs.  -  ckal  +  (~  +  cl)  , 

where  a  -sectional  area  of  bar  in  aq.  in.;  k  -12,000  for  steel  (  =  10,000  for 
\\  I.);  C  -5,000  for  steel  and  5,600  for  W.  I.;  c  =  l  for  bar  free  at  both 
ends  (*•  K  .  connecting-rod),  =  4  for  bar  fixed  at  both  ends.  For  connecting- 

ike  but  75%  of  the  above  values  for  A:. 

Collapse  of  Tubes.     (Lap-welded  Bessemer  steel,  3  to  10  in.  in  diam.) 
pressure    p,    in    Ibs.    per   sq.    in.  =  1,000(1  -Vl  -  (l,600*2-*-d2), 


wh,-re  U+d)<0.023:  p  =  (86,670*  +  d  )  -  1  ,386,  where  0  •+•  d)  >  0.023.  (Ap- 
prox.,  p-50,210,000(/  +  rf)s  when  «-*-d)<0.023.)  These  formulas  apply 
when  l>ftd.  A  safety  factor  of  from  3  to  6  should  be  introduced,  its  size 
UMNK  iicconling  to  the  risk  at  stake  to  life  and  property.  (R.  T.  Stewart, 
A.  8.  M  K,  May.  '06.) 


W 


Fio.  39. 

Torsion  and  Bending  (see  also  page  31).  According  to  Bach,  Equiv- 
alent Bending  Moment  =  0.35flm  +  0.65^ Bm2+  (aTm)2,  where  a  =  1.9  for 
W.  I.,  1.15  for  soft  steel,  and  1  for  hard  steel. 

Cranked  Shafts.  Let  abcedf  (Fig.  39)  be  a  horizontal  cranked  shaft. 
The  turning  force  P  (having  a  moment  M,  due  to  wt.  of  fly-wheel  at  a  and 
equal  to  Pr)  acts  at  center  (e)  of  crank-pin  in  the  direction  indicated 
Weight  of  fly-wheel  (Mr)  acts  vertically  downward  at  a.  Neglecting  end 
thru>t : 

Bearing  reaction  at  center  6  (upward)       =Pt  =  — 

h  ~t~  K 

Wn  .    Ph 


BendinK  and  Twisting  Moments:  at  6,  Bm  =  Wg,  Tm  =  Pr;  at  r,  Bm  = 
W(m+g)-Pjm,  Tm=*Pr;  at  d,  Bm  =  Ptn,  Tm  =  0;*te,  Bnt  =  P^c,  Tm  =  P?r; 
at  r  (any  point  on  throw)  the  moments  P'er  and  P2-fx  are  each  to  be 
re-olved  into  moments  in  and  also  perpendicular  to  the  cross-section  and 
then  combined  The  component  in  the  plane  of  cross-section  gives  Tm  and 
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the  component  perp.  to  cross-section  gives  Bm.  Similarly  for  any  point  y 
P  should  also  be  assumed  as  acting  downward  and  above  values  worked 
out  for  that  direction. 

Gap  Frames  for  Riveters,  Punches,  Shears,  etc. 

The  size  and  character  of  the  work  determine  the  depth  of  throat  I,  or 
distance  from  point  of  application  of  force  w  to  the  nearer  or  tension  flange 
of  frame.  Assume  the  main  section  of  frame  (lying  in  a  plane  J_  to  din  c- 
tion  of  force  w)  to  be  of  an  I-,  or  equivalent  box-section,  of  area  a,  and 

having  a  uniform  tensile  stress  —  (due  to  w)  distributed  over  it.     Deter- 

mine position  of  the  neutral  axis  of  section  and  also  its  moment  of  inertia,  /. 

The    bending    moment    Bm  (due    to    w)    on    the    section  =  u>Jj  =w(l  +  x), 

where  x  =  distance  from  neut.  axis  to  outer  fibers  of  the   tension   flange. 

Tensile  stress  due  to  Bm  —  Brnx-rl,  and  total  stress  in  tension  flange  = 


Similarly,  stress  in  compression  flange  due  to  Bm  =  —j^,  where  j/  =  dist. 
from  neut.  axis  to  outer  fibers  of  compression  flange. 

This  stress  is  opposed  by  the  uniformly  distributed  tensile  stress,  —  ,  and 

a 

the  net  stress  in  compression  flange  =  ~^-  —  —  (2). 

If  (1)  and  (2)  differ  from  the  safe  stresses  for  the  material  employed 
(C.  I.,  or  cast  steel)  the  area  and  proportions  of  section  must  be  altered 
until  substantial  agreement  is  arrived  at.  Sections  parallel  to  direction 

of  force  w  are  calculated  for  bending  only   there  being  no  direct  stress  {—) 

on  them,  but  the  webs  must  have  sufficient  surplus  section  to  resist  shear. 
Steel  Chimneys  (self-supporting).  H  =  height;  D  and  D}  -outside 
and  inside  diams.;  7'  =  thickness  [  =  0.5  (D—  DO];  D  b  =  diam.of  bell-shaped 
base  (  =  1.5£>  to  2£>);  //J  =  height  of  base  (  =  Db).  All  dimensions  in  feet. 
Wind  pressure  P  (Ibs.  per  sq.  ft.)  =  (velocity  in  miles  per  hour)2-:-  200. 
P  is  generally  taken  at  50  Ibs.,  or  25  Ibs.  actual  pressure  per  sq.  ft.  of  pro- 
jected area  (HD).  To  this  is  added  5  Ibs.  to  allow  for  compression  on  one 
side,  making  Pgro..  =  30.  Bending  moment,  Bm  =  30HDX0.5H  =  15Z)//2. 

Section  modulus,  5  =  ^-(£>"~£)'J')  =  0.7854Z>2:T.     F(per  sq.  ft.)  =Bmn-5  = 

19.1H2-HZ>7\  or  /(sq.  in.)  =  0.\326H2  +  DT.  For  steel  plates  /=  45,000  to 
50,000,  or  taking  strength  of  riveted  joint  as  36,000  and  safety  factor  of  4. 
/s*fc^9,000.  To  find  T  at  any  section,  measure  //  from  top  of  chimney 
to  ^ection  and  substitute  in  formula. 

Total  wind  pressure  P1  =  25//.D  Ibs.,  or,  if  //  and  D  are  expressed  in 
inches,  P,  =0.1736/u/lbs.  Resistance  to  breaking  at  foundation  =  1  .57db2tf 
-5-  A,  where  db,  t,  and  h  are  inch  equivalents  of  Db,  T,  and  H.  For 

r/2/) 

stability,  make  Df  (of  foundation)  =Hf=  20006  +  10'  Moment  of  wind 
pressure  =  P,(0.5//  +  ///).  Let  W  =  total  weight  of  chimney,  lining,  and 
foundation,  in  Ibs.;  then,  a-,  or  the  lever-arm  of  W,  =  P,  (0.5H  +  ///)  -r-  W 
If  x<0.5D/,  the  structure  will  be  stable.  (0.5Z)/-*-  x  =  factor  of  stability, 
usually  about  1.6,  but  increased  to  2.5  and  even  3  for  loose  soil.)  /  should, 
never  be  taken  less  than  i  to  T39  in.,  to  insure  durability,  rivet  diam.,  dr. 
not  less  than  $  in.,  spaced  about  2.5dr  (c.  to  c.),  and  in  any  case  <l6f. 
(1  cu.  ft.  of  foundation  weighs  125  to  150  Ibs  ) 

Foundation    bolts    (usually    6    or    12):     Gross    overturning    moment  = 
12.5DH2;  moment  resisting  overturning  n.SH'iD.,  (where  Wi  =  wt.  of  shell), 
and  net  overturning  moment  71=12.5Z>//-  -\j.5W\D],.      If  D0  =  diam. 
of  bolt  circle,  then  Tc  (or  overturning  moment  at  DC)  =  0.5DCX  9,000  Ibs.  X 
No.  of  bolts  Xarea  of  1  bolt  in  sq.  in.  (Tc  =  DcT  +  Db). 

Lining:  Where  temperntuns  are  above  600°  F  ,  fire-brick  linings  are 
used  Linings  are  generally  9  in.  thic-k  for  lower  30  ft.  of  stack,  and  4  in. 
thick  above  that  height.  1  cu.  ft.  brick  (red  or  fire)  weighs  about  120  Iba 
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->.  rews     for     Po\\er      I  r.i  n -niKslon      fft  -  luar^ 

threads  are   preferable  to   \"  thread-,  and  the    moment    to    r:u>e    load    U 


where  r-mean  radius  of  thread,  p"     pitch,  and  ^  =  coeff.  of  friction  be- 
tween nut  Let  n  —  No.  of  thread.-  in   nut,   the  projected  area 
•  /lUf^-da*).  and   W -0.7S54np(di2-d22),   where  d,   and  <^ 
i   "liter  diams.  of  tmead,  and  i>     allowable  pre->ure  in  li 
•  •I"  projected  area,   =125,000+  V,  where  V  =  rubbing  speed  in  it    per 
iiiin.    a:nl  ^  MM).      (» =  80.000 •*•  V  when  V  =  400.)     These  values  of  p  are 
for   \\      I.;     for  .it eel,   multiply  name  by   1.2.     ^  =  0.07  for  heavy  machine- 
oil  Md  graphite  in  equal  VOM.,       0.11  for  lard-oil,       0.14  for  heavy  machine- 
oil. 

Ktfi"iency:  Let  «  =  pitch  angle  at  radius  r,  (tan  a  =  p"-5-2rr),  and  4>  = 
angle  of  friction,  (tan  #  =  //).  Then,  efficiency  =  tan  a-*-  tan  (a  +  <f>).  For 
ni.-iv  eff  make  a  =  45°-0.5^.  In  order  that  load  may  not  overhaul,  a 
must  be  less  than  </•,  and  the  efficiency  cannot  then  exceed  50%. 

1'Ut  on-Hods,  Connecting-Kod>,    l->t:«-iit  i  i<  -Kods. 

Miller's  formula  for  compression  (both  ends  free)  is  :  /'  -  r.-KI  -:-/-'.  where 
/'  toial  pres-ure  or  load  in  lbs.f  i  =  lenKtli  of  rod  in  in.  (/  =  nd* -r  0 1  for 
circular  >»-<-tions;  I=bah-:-l2  for  rectangular  se<ti<>: 

Siit. -tit ut inn  in  formula,  introducing  a  factor  of  safety  x,  and  takiim  /- 
2^,000.(XKJ  for  \V.  I.  forgings,  I3  =  2^,000,000  d*+'2»i~  tor  circular  section-, 
and  -P  =  23,800,00063/i-H«/2,  where  d  =  diam.  in  in.,  b  ami  l>  breadth  and 
height  in  in.,— d,  b,  and  h  being  taken  at  mid-length.  1  (»  pi-ton-ro<is, 
«  =  8  to  11  when  load  fluctuates  between  P  and  0;  «  =  15  to  22  when  load 
fluctuates  between  +P  and  —P.  (For  very  large  horizontal  engines  the 
deflection  of  rod  due  to  weight  of  rod  and  piston  should  he  considered. 
and  it  should  not  exceed  0.15  in.)  For  eccentric-rods  *  =  40,  for  connect- 
ing-rods «  =  25  and  15  respectively  for  circular  and  rectangular  section- 
h  at  mid-length  =  1  756  to  26  (heights  at  crank  and  cyl.  ends  =  1.2/i  and 
0.8A,  reap.),  d  tapers  to  0.8d  at  crank  end,  and  to  0  Id  to  0.75rf  at  cyl.  end  > . 
For  very  low  speeds  (circ.  section)  «  =  33;  for  sudden  changes  in  direction 
of  P  (as  in  pumps)  «  =  40  to  60.  For  high  speeds,  as  in  locomotives 
erect  sections),  h  =  26  a  =  6.6  to  3  3  (See  also  Columns,  Killer's  formulas, 
ante.) 

ConnoctinK-Rod  Ends  (Marine  type,  rod  formed  with  a  T-end    1  : 
being  heldjo  T  by  bolts  and  cap).     Diam.  of  each  bolt  at  bottom  of  thread, 
rf  =  002v/P,   where  P  =  }  max    pressure  on  piston  in  Ibs.     Thickn. 
cap  and  T  on  end  of  rod,  t  =  l.4d.      These  values  of  d  and  t  are  for  W.  I.; 
for  steel  take  90%  of  same. 

Piston-Rings.  Radial  depth,  h  =  0.033d  when  bored  concentrically, 
-«p.04<f  opposite  joint  when  bored  eccentrically  (tapering  to  0.7h  at  ends). 
Width  =  2A;  overlap  of  ends  =  0.1<f,  where  rf  =  diam.  of  cyl. 

StufflnK-Boxes.     Inner     diam.     of     box  =  depth  =d+  (0.8     to 
where  d  =  diam.  of  rod 

Pedestals  (d  =  shaft    diam.,  7  =  lenirth    of   brass,    both    in    in.).     Diam 
of  bolts  for  base  and  cap  =  0.25<f  +  01  25  in.;    dist.  bet.  centers  of  cap-bolts 
.  /-(-1.65  in.;    d<>  .  b.-.^e-l.olts      X  /W  ±  1  Tf,  in  :    width  of  oedestal=0  7l'/ 
Thicknesses:  cap,  0.375d;  base-plate,  0.25^  +  0.125  in.;    metal  around  cap- 
bolts   and    bra— es,    1.&/  +  0.09  in.      (If  d  <7   in.,    use   1    bolts   each   fo; 
and   cap  i      Hra-ses:     thickness  at   center  =  0.08</  + 0.12")  in.;     do,   at 
0.06d-f  0.09  m 

.loinii  il    Bearing*. 

Allowabl-  p)  per  sq.  in.  of  projected  area  (IXd): 

Journal.  Bearing.  p. 

Crucible  steel  (hardened  i      Crucible  steel  2,100  Ibs. 

"      (hardened)  Bronze  1,2.50 

850 
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Journal. 

Wrought  iron,  polished 
W.  I.  orC.  I. 

W.  I.  (water  lubrication) 


Bearing. 
Bronze 

C.  I.  or  bronze 
Lignum  Vitse 


Crank-pin 
Cross-head  pin 


Speed. 
Moderate 
High 
Moderate 
High 


Main  bearings, 

Crank-  ami  cross-head  pins,  locomotives, 

Crank-pin  for  punch  and  shears, 


P. 

570 
425 
350 
350 


900 

550 

1,100 

700 

200-350 

1,400,  2,100resp. 
2,800  and  up 

(Bach.) 
1,800^2,100 
350 
300 
1,000-1,500 


Main  rods  of  locomotive.«, 
Freight-car  axles,  )7  =  1  8dl 

Passenger-car  axles,       ) 
Neck  bearings  of  sheet-mill  roll8, 

(Eng'rs  Soc.  of  W.  Pa..  Dec.  '05.) 

Main  bearings  of  engines,  c+vv 

[v  =  vel.  of  rubbing  surface  in  ft.  per  sec.;    c  =  500  for  vertical 
engines,  =375  for  horizontal.     (Edwin  Reynolds.)] 

pV<50000;  p  =  30  to  80  Ibs.;  V  =  400  to  1,200  ft.  per  min.;  l  =  3d 
Allowance  in  diam.  for  oil-film  =  0. 001  (d -1-1)  in.  for  d^5  in.  Allowance  = 
0.001(d  +  4)  in.  for  d>5  in.  (Gen.  Elec.  Co.  Practice.) 

Thrust-bearings:  pV  =  40,000  to  50,000,  with  loads  up  to  1,000  Ibs.  per 
sq.  in.  of  projected  collar  area. 

Worm-gears:  pV  =  60,000  to  75,000  for  max.  efficiency,  the  higher  value 
for  high  values  of  V,  and  where  helix  angle  =  20°;  worm  of  hardened  steel, 
wheel  of  phosphor-bronze.  For  electric-elevator  work  F  =  600  to  1,000  ft. 
per  min. 

Large  shaft-bearings  tested  by  the  Westinghouse  E.  &  M.  Co.,  over  runs 
of  7  hours  yielded  the  following  unusually  high  values  for  pV:  9-in.  shaft, 
150,000  to  500,000;  15-in.  shaft,  260,000  to  840,000  (p  =  140  to  170). 
Lower  values  for  each  size  were  when  heavy  machine  oil  was  used,  higher 
values  with  paraffin  oil.  (A.  S.  M.  E.,  Dec.  '05.) 

Friction  Couplings  (C.  I.).  Shaft  diam.=d;  hub  diam.  =  2d;  depth 
of  groove  =  id;  width  of  groove  =  ^d;  width  of  friction-cone  faces  =  lid; 
thickness  of  wheel  webs  =  $d;  angle  between  shaft  and  cone  faces  =  4° 
to  10°. 

Claw  Couplings  (C.  I.).  Diam.  of  both  claws,  D  =  2.1d  +  2  in.;  diam. 
of  fixed  hub  =  1.6d+1.6  in.;  length  of  fixed  claw  =  0.9d  +  l  in.;  depth  of 
recesses  in  both  claws  =  0.6d  + 0.6  in.;  length  of  fixed  hub  =  0.5d  +  0.5  in.; 
length  of  sliding  claw ±=1.7d  + 1.7  in.  (of  diam.  D  throughout  length);  depth 
of  groove  midway  between  end  and  recess  =  0.3d -I- 0.3  in.;  width,  do.,= 
0.5d  +  05  in.  (d  =  diam.  of  shaft). 

Roller  Bearings.  For  heavily  loaded,  slow-running  journals,  P  = 
2,lOOnZd  for  hardened-steel  rollers  (Ing.  Taschenbuch). 

The  coefficient  of  friction  for  roller  bearings  is  from  0.2  to  0.33  of  that 
of  plain  bearings.  (C.  H.  Benjamin,  Machinery,  Oct.  '05.) 

Mossberg  bearings  (rollers  confined  rigidly  as  possible  in  a  cape):  Safe 
load  in  lbs.  =  enW,  where  c  =  250  for  rollers  up  to  $  in.  diam.  (c  =  300  to  350 
for  larger  rollers).  /  (generally)  =  1 .5 X shaft  diam.  D.  For  D  up  to  12  in., 
diam  of  roller  d  =  0.104D;  above  12  in.,  d  =  l|  to  1*  in.  n  (approx.)  = 
27-(1.6n-d)  for  d<H  in.;  n  =  90-(80n-d)  when  d>H  in.  Take  nearest 
even  number. 

Ball  Bearings.  Max.  allowable  load  on  one  ball  in  Ibs.,  P  =  rd2.  Values 
of  c:  For  C.  I  balls  between  two  planes,  c  =  35;  steel  balls  on  plane,  coni- 
cal, or  cylindrical  surfaces,  c  =  700  to  1,000;  steel  balls  in  races  whose  radius 
of  curvature  =  Jd,  c  =  1,400  to  2,100.  Above  values  for  continuous  use; 
for  intermittent  use  c  =  twice  lower  values  given  (d  =  diam.  of  ball  in  in.). 
Total  allowable  load  on  bearing  =  0.2PX  No.  of  balls  (Bach  and  Stribeck.) 

According  to  C.  Gegauff  (L'Industrie  Elfctrique,  7-25-'05)  the  least 
power  is  lost  in  friction  when  d=  (D-r-7}  +0.08  in.,  where  X)  =  inner  diam. 
of  race  in  in.  Max.  allowable  load  in  Ibs.  for  an  annular  bearing,  P  = 
84,OOOI> -=-(#£> +  375),  where  JV  =  r.p.m. 
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ti      «.f    friction,     i,      fiOOI.V.      f'»r    3-pomt, 

0.008  to  0.0  point,  <MH:>   lolinr,  .uhich   i^  no  Letter  than  a   plain 

I  In-  friction   In-.-   .  ,p  to  linear  -peed.-  of  2,<XX)  ft     p«T 

nun        Arnixc    17,(HK»    i   p  in     centrifugal    forrc    causes    tlie    hall.-    to    slide    on 
•  ft   instead  of  rolling 

Be\H    »...irinj{.     n     angle   Kctwecn   shafts --•- a  +  .9,   where  a  and  0  are 

angle**  made   by   tin-   -haft.-   mid   clement-   m   their   respective   pitch   cones 

r).      l^t  #=l80°-0,  and  r  =  angle  to  be  add*  d  to  a  and 

tftogiv.  faoeanflM  of  gears    Then,  if  n     <K)°,  tan  #-r  +  [r  cot  0  +  (R  +  sin  «)]; 

if  0-90°,    t&nff-n  +  N;    if  0>90°,    tan  /9=-r-t-[(/2-!-sin  ^)  -r  cot  <t>\.     a- 

*-0|     tan  r-sin  0-»-0.5n.     Face   angles-o  +  r    and    ff  +  r    for    larger    and 

smaller   gears    respectively      D  =-£),  +  £>2  cos  a ;     d-d,  +  £>2  cos  p.  (D,    d  — 

:<•  diains.;    DI,  rf|  -  pitch  .liam.s  ;    D-,  -  working  depth  of  tooth ;    R,  r  = 

pitch  radii  (=«0.5Z>i,  0.5di);   #,  n  =  No.  of  teeth.     Capital  letters  for  larger 

gear.) 

The  cutter  for  larger  gear  should  be  the  proper  one  to  cut  .V,  teeth, 
where  A^i  =  ,iV-»-cosa;  for  smaller  gear,  the  one  to  cut  nj  teeth,  where  T»I  = 
n  +  cos  0. 

Spiral  (Jears.  Let  angle  that  teeth  make  with  a  line  parallel  to  axis 
of  Kear=/?.  Then,  normal  pitch  r  =  p"cos0  (where  p"  =  circumferential 
pitch),  and  p"  =  T-*-cos0.  Let  Pd  =  diametral  pitch,  JV  =  No.  of  teeth  in  a 
.Mpur-Kear  of  pitch  radius  r,  and  JVj  =  No.  of  teeth  in  a  spiral  gear  of  pitch 
ra.liu-  r.  Then.  N=~2rPd,  and  Nt  =  2rPd  cos  0.  Pitch  diuin.  -AT,  -i-Pt/  cos  (?; 
i>iit-i<le  .iiain.  pitch  diam.  +  (2-s-Pd). 

The  t<eth  of  -piral  gear  should  be  cut  with  a  spur-gear  cutter  which  is 
correct  for  A^  teeth,  where  AT2=(No.  of  teeth  in  spiral  gear)  -i- cos*  8. 
r  and  ;,  (paire  ",0)  =(90°  —  0)  and  (QO0-^)  respectively. 

\Vorin-Ciears.  Involute  gears  of  more  than  27  teeth,  and  having  ad- 
denda of  0 .'Jo;/',  yield  favorable  results  for  pitches  not  exceeding  18°. 
Allowable  pressure  on  teeth,  P(in  Ibs.)=c6p",  where  6  =  width  of  tooth  in 
in.,  and  ;/'  r>itch  in  in 

_'.'.()  to  400  for  cast-iron  (  =  450  to  700  for  phosphor-bronze  wheel  and 
hardened-steel  screw). 

Worms  whose  threads  make  an  angle>12.5°  with  a  normal  to  axis  of 
worm  generally  run  well  and  are  durable.  (Halsey.) 

Diam  of  worm  wheel  at  throat  =  0.3183  X  (No.  of  teeth  4-2)  X  pitch  of 
worm  in  in 

Power  Transmitted  by  Worm-Gearing.  p4  =  (aFi  +  bF  +  c)-t-X,  foi 
single  thread,  where  p  =  pitch  of  teeth  in  worm  wheel  in  in.,  F=H.P  trans- 
mitted, and  Ar  =  r.p.m.  For  F>3  H.P.,  a  =  4.74,  6  =  113,  r=-105;  foi 
F<3  H.P  ,  a  =  22.  6  =  25,  c  =  2. 

For  double,  treble,  and  quadruple  threads  take  2N,  3N,  4N,  respectively 
for  denominator  of  formula.  Greatest  pitch  diam.  of  worm,  d=l7.2p-i-F, 
for  .single  thread.  For  double,  treble,  or  quad,  threads  multiply  formula 
value  of  d  for  single  thread  by  2,  3,  or  4.  The  foregoing  is  for  finished 
worms  and  gears;  if  rough,  cast  teeth  are  used,  multiply  values  of  p  and  d 
obtained  from  formulas  by  1  33  and  0.8,  respectively.  (Derived  from 
practice  of  Otto  Gruson  &  Co.,  as  stated  by  W.  H  Raeburn,  Am.  Mac'n., 
4-l9-'06  ) 

Flat-I-lnk  Driving  Chain  (Steel).  Load  in  lbs.=P;  end  dinm.  of 
pin,  rf=(2.4P  +  6,100)-4-(P  +  27,000);  diam.  of  pin  bet.  links  =  1.2orf  for 
small  sizes  (ranging  to  1.1 2d  for  large  sizes);  width  of  link  =  25<f;  length 
of  pin  bet  links  =  1 .6od  +  0.22  in.  (for  rf<l  in.),  or  262d-0.7  in.  (for  d> 
I  in.);  length,  c.  to  c.  of  pins  =  2.7rf  +  0  16  in.;  over-all  length  of  link  = 
4.4d  +  0.l6  in.  No  of  plates,  i(\i  on  each  side): 
When  P=  up  to  1.000  Ibs.  1,000  to  4,500  4,500  to  13,000  ";urKer 

i-  2  4  68 

Thirkn«w  of  each  plate  =  (3.17P  +  3.900)  +i'P  +  29  000). 

(l)criv.Ml  from  data  on  a  chain  extensively  us -d  in  Germany.) 

I'uMey-  -C.  I.).  Width  of  face,  6,  =  (l.lxbelt  width) +  0.4  in.;  thick- 
ness  of  rim  at  edge  =  (0.01  X  radius  of  pulley) +0.1 2  in.  Crowning:  diam. 
of  pulley  at  center  is  G.12^6]  greatrr  than  diam.  at  edges.  No.  of  urms=» 
0.7Vrf.  For  oval  arms  h  (long  nxi-»  of  ellipse)  =  ^l  .256/d-?- No.  of  arms. 
hi  (short  axi?)=0.4A  h  and  A|  (at  hub)  taper  to  O.Sh  and  0.8A,  at  rim 
(6-belt  width,  f  =*belt  thickt  rn  of  pulley, — all  in  in.).  Length 

of  hub  — 6],  when  6|>1.L'  to  1  .',     shaft  diam.  (for  narrow  faces);    for  wide 
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faces,  length  may  be  less  than  b{  For  loose  pulleys  make  length  of  hub  — 
2 X shaft  diam.  If  6|>12  in.,  use  two  sets  of  arms. 

Pulley  Blocks  and  Sheaves.  Diameters  are  taken  considerably  less 
in  hoisting  work  than  for  power  transmission.  The  Ing.  Taschenbuch 
gives  the  following:  Diam.  of  shea ve  =  cX  diam.  of  rope,  where  c  =  20  for 
wire  rope  and  8  for  hemp. 

Brakes  (Fig.  40).  Let  W  =  pressure  on  brake  lever  in  Ibs.,  P  =  brak- 
ing force  at  rim  of  wheel  in  Ibs.,  ^  =  coeff.  of  friction ^0.5  for  wood  or 
leather  on  iron  (dry  surfaces)  =0.18  to  0.25  for  iron  on  iron,  diminishing 
with  increase  in  vel.  For  block  brakes  (I.)  'W--  p(—±1p)  .the  minus 
sign  being  used  for  rotation  indicated, — plus  for  opposite.  For 


Fro.  40. 

TF  =  0,  or  the  brake  is  self-acting;  B  +  C  is  therefore  made>//.  For  dotted 
position,  C  is  negative  and  signs  in  parenthesis  should  read  ^ .  For  opp. 
direction  of  rotation,  B-t-C  should  be  <p. 

Band  Brakes:  Let  e  =  base  of  hyperbolic  system  of  logarithms  =  2. 71828; 
«  =  angle  spanned  by  the  arc  of  contact  of  band  with  wheel;  t  and  b  = 
thickness  and  width  of  band,  and  /<  =  allowable  unit  stress  in  band.  Then 
(in  II.)  tension  T  =  P-r-(e/'a-l);  and  t  =  Pet*<*  +  (et"* - 1),  for  direction  1  (for 
direction  2,  interchange  values  of  T  and  0-  Band  cross-section  =  bt  = 
Pe/<«-!-/,(e/'«-l),  where  /,  =  8,500  to  11,000  Ibs.  per  sq.  in.  (t  is  generally 
about  0  15  in., — b  not  more  than  3  in.).  If  /i  is  taken  =  0.18  and  o-h 2^  =  0.7 
(generally),  then  71  =  0.83P  and  /  =  1.83P,  for  direction  1. 
For  rt-f-2;:  =0.1  0.3  0.5  0.7  0.9 

«««      =1.12  1.40         1.76         2.21          2.77 

In  II,  W  =  TC  +  A  ;  in  III,  W  =  tC  +  A.  W  is  least  when  end  with  lesser 
tfiision  is  attached  to  lever,  as  T  in  II  (direction  1)  and  /  in  III  (dir.  2). 

Differential  Brake  (IV):  H'  =  (TC-tc)-i-A  =  P(C -«•/'«) -5- /Ke^-1). 
If  C  =  cef'a.  Hr  =  0;  C  is  generally  taken  >ce"n.  (For  «-^  2*  =  0.7,  C  =  2.5c 
to  3r.)  For  alternating  directions  of  rotation  (V),  W  =  PC (ePa  + 1)  + 
A(e!Ja-  i).  A  block  bralce  is  preferable  to  this  arrangement. 
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Properties  <>r  s.itur;it«'cl  Steam  (below  Atmos   Pressure). 
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Superheated  Steam.  According  to  Linde  (Z.  V.  D.  I.,  Oct.  28.  '05) 
the  PV  law  may  be  expressed  as:  144p(v  +  0.261)  =  85.86r,  where  p  Ibs. 
pressure  per  sq.  in.,  v  =  cu.  ft.  in  1  Ib.  at  the  pressure  p,  and  r^aoeoJutfl 
temperature  in  degs  F  A  formula  which  expresses  the  results  of  his 

experiments  to  determine  kp  is:    fcp  =  0.462 -fp(-^roc  —  0.00022V  p  and  r 

as  above.  Herr  Bemer  (Z.  V  D.  I.,  9-2-'05)  states  that  Linde's  values 
for  kp  are  confirmed  by  his  own  observations,  those  of  Lorenz  being  from 
20  to  25%  too  high  He  further  states  that  the  cost  of  lubrication  is 
slightly  higher  than,  when  saturated  steam  is  used,  that  the  resistance  to 
flow  in  a  superheater  coil  =  1.2  X resistance  of  smooth  pipe,  and  that  the 
resistance  of  a  valve  fully  open  is  equal  to  the  resistance  of  about  5.5  ft.  of 
smooth  pipe.  The  velocity  of  flow  in  engine  passages  may  be  as  high  as 
12,000  ft.  per  min.  (Arndtsen,  Z.  V  D.  I.,  ll-25-'05.) 

Corliss  Valves,  Dash-Pots.  Diam.  of  valve  =  cXcyl.  diam.,  where 
c  =  0.25  for  valve  on  high-pressure  cyl  (  =0.2  for  low-pres.  cvl.).  Dash-pot 
diameters  are  about  0.8  of  the  diams  of  their  respective  valves. 

Steam  Consumption  of  Compound  Engines,  high-grade,  at  full  load 
=  156  Ibs  per  kilowatt-hour  (  =  11.5  Ibs.  per  H.P.-hr.)  at  170  Ibs.  gauge 
pressure,  90°  F.  superheat,  and  26  in.  vacuum.  (Averages  by  Stevens  & 
Hobart,  Power,  Dec  '05.) 

Prime  Movers  for  Power  Plants.  In  a  high-grade  power  plant  about 
10.3%  of  the  heat  units  in  a  pound  of  coal  are  delivered  to  the  bus-bars  in 
tho  form  of  electricity  It  is  possible  to  raise  this  thermal  efficiency  to 
about  14.4%  (with  steam-turbines  to  15%)  by  reducing  the  losses  due  to 
tli»  stack,  boiler  radiation,  and  leakage,  and  by  using  superheated  steam. 
Where  tho  load-factor  exceeds  0  25.  economizers  should  be  used.  Auxil- 
i-iries  shmiM  l>«*  stearn-drivpn.  with  exhaust  into  heater.  The  friction  loss 
of  a  7,500  H  P  engine  recently  tested  was  6.35%  of  the  H.P  genera NM I 
I.nrire  tras-enirines  ran  convert  about  24%  of  the  energy  of  coal  into  elec-tnV 
energy,  the  chief  objection  to  their  use  being  with  reeard  to  overloads 
Thi-  objection  rnay  be  overcome  by  a  suirirested  combination  of  gas-eiurim-s 
and  stearn-turhines  ^utilizing  the  waste  heat  of  the  gas-enirines  in  the  pro- 
duction of  steam),  which  would  yield  an  average  thermal  efficiency  of  24.5%. 

Comparative  cost  of  maintenance  and  operation  of  plants  per  kw.-hr.: 


Steam-  Steam-          Gas- 
engines,  turbines,  engines. 

Maintenance  and  Operation  1 00  SO  51 

Relative  Investment  100  83  100 


Gas-engines 
and  tur- 
bines. 
46.3 
91 


APPENDIX.  173 

/•- 

Marine  Steam-Engines. 

The  Screw  Propeller.  The  pitch  of  a  screw  is  the  distance  which  any 
point  in  a  blade  will  advance  in  the  direction  of  the  shaft  or  axis  during 
one  revolution,  the  point  being  assumed  to  move  around  the  axis  ana 
without  "slip."  Propellers  are  generally  provided  with  four  blades  (naval 
vessels  and  small  high-speed  boats  with  three).  The  blades  are  generally 
inclined  backward  from  the  vertical  from  8°  to  20°  (according  to  the  r.p.m.) 
in  order  to  throw  the  water  to  the  rear  and  to  increase  the  efficiency 

The  indicated  thrust  of  screw,  T=  (I.  H.P.  X33,000)-=-  NP,  where  AT  = 
r.p.m.,  and  P==  pitch  in  feet.  The  mechanical  efficiency  of  the  shaft  trans- 
mission varies  from  0.8  for  engines  of  about  500  H.P.  up  to  0.95  for  large 
ones.  The  mechanical  efficiency  of  the  screw  =  Useful  work  of  axial 
thrust  -5-  Shaft  performance  =0.6  to  0.7  for  best  conditions.  Diam.  of 
Screw  in  ft.,  D  =  K"/I.H.P.-*-(0.bl~PN)*;  Total  area  of  blades  (developed) 
=  K,Vl.H.P.  -7-N;  P  varies  from  0.9D  to  1.5D.  Speed  V  is  measured  in 
knots  (1  knot  =  6,080  ft.  per  hr.). 

V.  K.  K,. 

Cargo  Boats,  8-13  17-19  19-15.5 

Passenger  and  Mail  Boats,         13-17         19.5-21.5  15-12.5 

Do.,  very  fine  lines,  17-22  21-23  12.5-9 

Nayal  Vessels,  16-22  21-23.5         11.5-7 

Torpedo  Boats,  20-26  25  7-  6 


The  Apparent  Slip  (in  per  cent)  S=  (C-  V)-HlOOC,  where  C  = 
6,080.  S=  -2  to  +8  for  slow  freighters,  =8  to  15  for  passenger  and 
mail  steamers,  =13  to  20  for  naval  vessels,  =20  to  27  for  small,  fine-lined 
boats. 

Strength  of  Blades:  —  The  indicated  thrust  T  (divided  by  the  number  of 
blades  Z)  acts  at  a  distance  0.35D  from  the  center  of  shaft  and  causes  a 

T 
bending  moment  Bm-     Bm  =  ~-(0.35Z>  —  distance  from  c.  of  shaft  to  root  of 

Zi 

blade).  For  a  parabolic  segmental  cross-section  (length  I,  thickness  h) 
oblique  to  axis,  the  Moment  of  Resistance  =  0.076M2,  and  consequently 
/  =  5m  -=-0.076M2.  /  (safe)  in  Ibs.  per  sq.  in.  =7,800  for  cast  steel,  =5,700 
for  bronze,  =2,800  for  C.  I. 

Thickness  of  blades  at  tips  =  0.25  to  0.8  in.  for  bronze,  and  0.6  to  1.2  in. 
for  C.  I.,  according  to  size  of  the  screw. 

Indicated  Horse-Power  of  Engines.  I  .H.P.  =  pmLa(2Ar)y  33,000, 
where  a  =  area  of  low  pressure  cyl.  in  sq.  in.  pm,  the  mean  effective  pres- 
sure, depends  on  the  absolute  boiler  pressure  p,  and  also  on  the  number  of 
expansions: 

1\          ,  vol.  of  steam  admitted  into  h.  p.  cyl 

7).     where    c  =        L  p.  cyl.  vol.^h  p.  cyl.  voL        • 

k  has  the  following  values  at  ordinary  speeds: 

Compound-Engines,  0.65  to  0.7     (at  higher  speeds.  0.6    to  0.65) 

Triple-  Expansion,  0.55  "  0.6    (  ......        0.52  "  058). 

Quadruple-Expansion,      0.52  "  0.54 

Total  Number  of  Expansions  (  =  l-r-c):  Compound,  small  boats,  5  to  6; 
do.,  freighters,  7  to  8.  Triple-  Expansion,  torpedo  boats,  5  to  7;  do  ,  naval 
vessels,  6.5  to  8;  do  ,  express  and  freight  steamers,  8  to  10.  Quadruple- 
Expansion,  express  steamers,  10;  do.,  freight  steamers,  11  to  13.  Cut-off 
in  hi^h-press.  cyl  is  at  about  0.7  stroke  (0.6  stroke  for  slow  boats). 

Piston  Speed  and  Revs,  per  Min. 

Speed,  ft.  permin.      R.P  M. 

Torpedo  Boats.  1,000-1,200  300-400 

Armored  Vessels,  800-1,000  100-150 

Express  Steamers.  800-    950  75-  95 

Large  Passenger  Steamers,  700-    900  70-  90 

"      Freight              "  700-    800  70-  85 

Small       "                  ••  600-    750  95-130 

•'      passenger         "  400-    600  150-200 
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Ve|«»«  HI.--  ;n          Mam     utenm-pipe*.     6.0008,000; 

M  pntxaw:    I.   p  «-vi  .  :..fKK»  n.iKiO;    intermediate  cyl  ,  fi.ooo  7.000: 

|     p    c\l   .   7  -'    T:ikc  80%  of  above   vnlu»-         Kor  Mn.'ill 

•  •  increased  20%. 

(   xllnd.-r-.       ihirknev>     of     walls     (c;,-t     Iron)     r~5~  12Q+  lQj>  +  °  4     '"  ' 

where  p  —  Ranee  pressure  in  Ibs.  per  sq.  in  at  h.  p   ry].,  and  rt  =  diam.  of 

1)    p    ryl     in    in        'Tin-    value   of  t   is   fur   li    p    ryl     with    or  without    j.-icki  f 

r  intermediate  .-Mid  1    p    ryl    lining*'.     Cylinders  without  linings 

should  l>e  0  '2  in    thicker  to  allow  for  reboring  ) 

Thickni-s   of   rvlin.U-r   Mend   t,^t   (for   cast   iron,   head   ribbed)—0.<U   to 
0.6.V    for    cast    «-te«-l       Diam.    of    ryl  .-head    studs  --=/:     pitch    of    studf<  =  3/, 
•id  »'>  ">/  for  high.  Intermediate  and  low-pressure  cylinders,  respectively. 
Thick  ne-x  ,,f  rvl  -head   flange=1  2t,   width  =  2  6/  to'  3.3f. 


,  .. 

Helicf  v.-dve^  (for  Ixith   heads)   should   have  a  diam  =(,,,  . 

of   (hitch,  intermediate,  low-pressure  cyl.).     Valves  should  open  at  about 
e  p. 

Pi-tons.  (Cast  steel,  coned,  concave  toward  crank).  Thickness  near 
center.  /=•  00043^^/^  +  0;  thickness  near  rim  =  0.r>?  to  07^ 

c  —  0.24  in.,  0  36  in.,  0.48  in.,  respectively,  for   h.,  i.  and  1.  pres.  cyls. 

p  —  boiler  pressure  in  Ibs    per  sq.  in.  for  h.  p.  cyl.,  =0  45  X  boiler  pressure 
for  intermediate  cyl.,  =  0.  2  X  boiler  pressure  for  1.  p.  cyl.     For  forgi-: 
take   t  of  above   formula   value   for  f. 

Piston-Rods.  (Medium  hard  steel,  ?nd  tapered  and  fastened  to  head 
by  nut.)  Area  at  root  of  thread  in  sq.  in.  >.  (pXarea  of  h.  p.  cyl.  in  sq.  in.) 
-J-7,000.  (For  naval  vessels  and  torpedo  boats  substitute  10,500  and 
12,500  respectively  for  7,000).  Full  section  of  rod  beyond  taper  =  2y  area 
at  root  of  thread 

Connecting-  Rods.     Length  =  (2    to    2.2.5")  /'stroke      Diam     nt    i 
end  =  din  m  .of    piston-rod,  approx.;    diam.  at    crank-end  =  (1  .1    to    1  4)  X 
diam.  of  piston-rod,  according  to  length. 

Bearings.  The  crank  bearing  is  lined  with  white  metal  of  a  thickness  = 
(0.025  X  diam.  of  bearing)  4-0.2  in.  Tliieknes-  of  f-I.)>t->teel  tearing  cap 
at  the  middle  =  (0.17  to  0.24)Xdiam.  of  bearing.  Shaft  bearing:  thick- 
ness (cast  iron)  =  0.12<f  4-0.2  in.;  for  bronze,  thickness  =  0.09<f  4-0.12  in. 

Thickness  of  white-metal  lining=  (o.2  +  —  )in.     rf  =  shaft   diam.   in   in 

Crank-Shafts  (forged  steel):   d3  =  —  .^.  -         -  ,  where   d  =  outer 

~       '       (  1  —       ) 
V1     d</ 

diam.  of  shaft  in  in.   (rf,=inner  diam.  in    case  of  a  hollow  shaft),   Tm  = 
turning  moment  in  inch-lbs.  =63,025  X  I.  H.  P.  -i-  N. 

/„,,,  faverage)  in  Ibs.  per  sq.  in.  =  6,600  for  torpedo  boats.  =5,700  for 
naval  vessels,  =4,500  for  mail  steamers,  =4.000  for  freighters  (max.  and 
min.  values  are  equal  to  average  values  ±10%). 

Crank-Throws.  Outline  described  in  part  by  circles  (of  diam.  =  2^ 
from  centers  of  shaft  and  crank-pin,  connected  with  filleting  curves  of 
radii  =</.  (rf  =  diam.  of  shaft).  Thickness  of  throws  =  0.6rf  to  0  Id.  The 
shaft  is  enlarged  ^V  of  its  diam.  in  the  throw.  Thickness  of  flanges  on 
shaft  =  0.25e/  to  0.28rf.  Leneth  of  bearing  -f-  diam.  of  shaft  =  1  4  to  i  r, 
for  torpedo  boats,  =1.1  to  1.4  for  naval  vessels,  =0.9  to  1.2  for  other 
vessels. 

Surface  Condensers.  Cooling  surface  in  sq.  ft.  required  per  I.  HP  : 
Compound,  5  to  6;  triple-expansion,  3.5  to  5;  quadruple-expansion,  3.5  to 
4.6;  torpedo  boats,  26  to  32  (The  lower  values  given  are  for  naval  ves- 
sels.) Condenser  tubes  are  of  brass,  tinned  inside  and  out,  \  to  |  in.  out- 
side dinm.  and  about  0.04  in  thick. 

Alr-Pumps  for  Surface    Condensers    (Single-acting)      Volume 
vol.  of  1    p.  cyl.      r  =  Vi  to    IB  for  compound;     =•  5V  to  ;j   for   triple-expan- 
sion;   =  j\  to  j1-!  for  quadruple-expansion.      For  injector  condensers,  Vol.= 
(i  to  *)  Xvol.  of  1    r>    cyl. 

Surface  Condensers  of  Hieh  Efficiency.  Bypassing  the  condensing 
wnter  several  times  through  the  tubes  (arranged  in  groups'),  and  by  pro- 
viding for  the  thorough  drninnire  of  the  water  of  condensation  so  that 
the  tubes  are  not  continually  subjected  to  showers  of  water  particlei  which 
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impair  the  surface  contact.  Prof.  R.  L.  Weighton  has  designed  condensers 
to  be  used  in  connection  with  dry  air-pumps  which  condense  20  Ibs.  of 
steam  per  hour  per  sq.  ft.  of  surface,  condensing  water  required  being 
21  times  the  amount  of  feed-water  used.  He  has  effected  a  higher  sur- 
face efficiency  —  36  Ibs.  per  hour  per  sq.  ft.,  —  but  the  condensing  water 
required  in  this  case  is  equal  to  28  times  the  feed-water.  Vacuum  in 
both  cases  is  28.5  in.  of  mercury,  feed-  water  temp,  at  inlet  =  50°  F.  For 
a  system  with  tight  piping,  capacity  of  air-pump  =  0.7  cu.  ft.  per  Ib.  of 
steam  condensed  per  hour.  The  condenser  tubes  are  provided  with  tri- 
angular wooden  cores  in  order  that  the  water  may  meet  the  tube  sur- 
face in  thin  streams.  Temp,  of  hot-well  may  be  3°  to  5°  higher  than 
that  corresponding  to  vacuum  (up  to  29  in.). 

Circulating  Pumps  |(  Double-acting).  Vol.  =  0.025  X  vol.  of  1.  p.  cyl. 
(approx.). 

Roller  Accessory  Apparatus. 

Feed-  Water  Heaters.  Let  t  and  T  =  initial  and  final  temperatures  of 
water  in  degs.  F.  [average  temp.  =  (t  +  T)  -s-  2].  B.T.U.  transmitted  per 
sq.  ft.  of  surface  per  hour,  per  degree  difference  of  temp.  =  c  =  180  for 
water-tubes,  200  for  coils,  and  114.5  for  steam-tubes  (usually  2  in.  diam.). 
Let  T«  =  temp.  of  exhaust  (  =  212°  F.  generally);  then,  B.T.U.  per  hour 
per  sq.  ft.  =c[J>8—  O.o  t+T)];  Ibs.  steam  condensed  per  sq.  ft.  per  hour  = 
c[T8-0.5  <  +  2')]-H966.  Velocity  of  water  in  tubes  in  ft.  per  min.:  single- 
How,  8.33;  double-flow,  12.5;  coils,  140.  Sectional  area  within  shell  = 
cX  total  cross-section  of  tubes,  where  c  =  6.3  to  9  for  water-tubes,  ==7.5  to 
10  for  steam-tubes,  —  the  higher  values  for  variable  loads.  For  coil  heaters, 
sectional  area  within  shell  =  (11  to  8)  X  cross-section  of  exhaust  pipe, 
inversely  according  to  the  capacity  of  heater.  Open  heaters  with  trays 
or  pans:  Volume  of  shell  in  cu.  ft.  =Capacity  in  H.P.-r-c,  where  c  =  2.2, 
6,  and  8  for  very  muddy,  slightly  muddy,  and  clear  water  respectively. 
Tray  surface  in  sq.  ft.  =  Ibs.  water  heated  per  hr.-^-c,  where  c  =  118,  166, 
and  500  for  very  muddy,  slightly  muddy,  and  clear  water  respectively. 
These  values  for  tray  surface  are  for  vertical  heaters;  for  horizontal 
type  of  heater  the  values  of  c  are  about  8%  lower. 

Siphon  or  Barometric  Condensers  operating  on  the  principle  of  injer- 
tors:  Diam.  of  exhaust  pipe  in  in.,  d  =  V  c  X  Ibs.  steam  to  be  condensed  per  min.  . 
where  c  =  0.81  when  wt.  of  steam  is  less  than  20,000  Ibs.  per  hour  (=0.63 
if  ereater  than  20,000  Ibs.  per  hr.).  Diam.  at  throat  in  in.  =  VV  IP  -s-  17,210; 
width  of  annular  opening  through  which  water  is  admitted  =  Ww-s-39,5ijQd 
(ir  =  lbs.  steam  to  be  condensed  per  hr.,  w  =  Ibs.  water  required  to  con- 
den^e  t  Ib.  of  steam). 

Air  Pumps  for  Stationary  Engines.  Single-acting:  vol.  in  cu.  ft.  — 
0.032S-=-AT;  double-acting:  vol.  in  cu.  ft.  =0.0165  -*-JV.  .8  =  Ibs.  of  steam 
condensed  per  hour,  and  JV  =  r.p.m.  (Ing.  Taschenbuch.) 

Locomotives. 

Flevatlon  of  Outer  Rail  on  Curves.  E  (in  ft.)  =0.066S8Grr-  -=-/?, 
w'-iere  G  =  gauge  of  track  in  ft.,  F  =  velocity  of  fastest  train  in  miles  per  hr., 
a  iJ  R  =  radius  of  curve  in  ft.  (R.  R.  Gazette,  3-16-'06.) 

Combustion. 

"nf    ra'-Gas   Fuel   for   Steam-Boilers.       The  same  economy  i.s  ex- 
i      "1  with  a  blue  flame  as  with  a  white  or  straw-colored  fiame,  but  the 
fifords   greater  capacity.      One   boiler   H.P.   ma\    he  ox  >r<  twl  from 
!.">  ">  <-u.  ft.  of  gas  (at  60°  F.  under  a  pressure  of  4  (>:',.  ab«rc  29.92  in.  of 

mer"  rv).  Fuel  costs  are  the  same  with  natural  gas  at  10  cpnts  per  1.000 
on.  ''t  and  semi-bituminous  coal  at  $2.87  per  ton  of  2,240  Ibs.  (J.  M. 
A.  S.  M.  E..  Deo.  '05.) 


KflHoienry  of  Combustion.  The  hieher  the  percertape  of  CO2  in  the 
gases  es'-apin?  into  the  chimney  the  higher  will  tie  tvie  efficiency  of  the 
furnace,  and  the  production  of  CO,  miy  be  forced  until  the  presence  of 
CO  indicates  incomplete  combustion.  In  good  furnaces  10  to  lo^c  of  CO2 


\PP! 


"r 


iiiK  >>i 
Tri, 


may  be  realiaed  "•  fuel  los«  (in  per  cent}  due  to  inoom- 

•  iiiition-0.4(/5-M-Mp«-;  where   f2  — 

tamp     of  chimney  ITIM-   :m<l   /,        f«  :  •  'ill-ring   the   furnace    (both   in 

.,-cordcr  indicates  :in<i  record-  con- 

nt 

mpligh    any   marked    -:i\ing   of   fuel    over 

careful  hand  tiring  in  plant-  where  less  than  20O  ton-  of  coal  .'in-  u-cd  p<-r 
IMC, mli.    l.ii'  much    U-ttcr   result-   than   average   hand    firini- 

1.  maintain  a  iiiiiforiii  nd  a  —  i-t  unfitly  in  the 

nmokelew  combu  ••>•  .-m-  adaptable  to  nil  kinds  of 

furl-.    :ind    in    tl  -.only,    for    it    often    happen! 

tlmt   a  cheap,   low-grade  furl   may   be  riuployr.l.   whereas  with   hand-firing 

a  more  expensive  quality  would  have  to  be  used. 

Incrustation    and    Corrosion. 

Holler   Purges.     CailBtio   soda    and   lime-water  combine  with   the  car- 
bonic arid   eonfairu'd    in    wafer    tin   combination   as   bicarbonateg)   and    pre- 
te  calcium  and  magnesium  carbonates       So. la  ash  acts  on  the  hirar- 
lionates  of   lime   and  magnesia, 'forming   bicarbonate   of  soda,    whii 
deromposecl    \,\-    heat    into  ('<!..  ami    sodium    carbonate,    the    ! 
prrcipitatrd 

Soilium    aluminafr  and  sodium  fluoride  are  also  u-ed  in  water-  eontain- 
iK  l)icarl>onate  of  lime. 

-isodiurn    phosphate    is    used    where    water    contains    sulphate    of   lime, 
precipitating  sodium  sulphate  and  calcium  phosphate 

Internal-Combustion    Engines. 

«..i^  Producers  are  closed  furnaces  in  which  the  fuel  is  burnt  with  a 
limited  supply  of  air  and  steam,  resulting  in  the  production  of  gas  The 
air  and  steam  are  either  forced  (pressure  producer)  or  drawn  (Auction  pro- 
ducer) through  a  bed  of  incandescent  coal  or  coke  The  ()  of  the  nir  first 
combines  with  the  C  of  coal  to  form  Cr>2.  This  passes  up  tnrough  the 
incandescent  coal  and  chanires  to  CM.  When  steam  is  mixed  with  the 
air  and  meets  the  burning  fuel,  H  is  liberated  and  the  ()  of  steam  com- 
bines to  form  more  CO.  These,  with  the  N  of  air  and  the  volatile  part  of 
the  fuel  (CH.4)  make  up  the  resulting  fuel-gas.  Theoretically  tin- 
temperature  i.s  about  1,900°  F.  1  Ib.  of  coal  with  upwards  of  07  Ib.  steam 
will  yield  from  65  to  75  cu.  ft.  of  gas  (135  to  140  B.T.U.  per  cu.  ft-).  I 
sure  producers  are  used  for  engines  of  over  200  H.P.  In  these  the  oir  and 
steam  are  furnished  under  a  pressure  of  from  2  to  8  in.  of  water.  The  hot 
gas  passes  through  an  economizer  where  it  preheats  the  nir  used  and  also 
gives  up  heat  for  the  generation  of  the  steam  required.  It  then  ] 
through  the  scrubber  (vessel  provided  with  trays  of  coke  upon  which 
water  streams  from  above)  and  thence  to  the  purifier  (another  vessel  pro- 
vided with  trays  of  sawdust,  and  also  with  oxidized  iron-filings  when  sul- 
phur is  to  be  removed  from  the  gas).  The  best  results  are  obtained  from 
anthracite  (pea  size  or  larger)  haying  less  than  10  to  15%  of  ash  and  but 
little  moisture  If  the  fuel  contains  more  than  5  to  8%  of  volatile  matter, 
it  will  cohere  and  prevent  proper  working  of  producer  Coal  with  an  ex- 
•  amount  of  ash  tends  to  choke  up  the  air-passages. 

Grate  surface  per  H.  P.  =  6  to  8  sq.  in.  (the  latter  for  producers  of  I'-ss 
than  25  H.P  capacity).  The  volume  of  producer  per  H.P.  =0.11  cu  ft.. 
npprox.  (firing  intervals  of  3  to  4  hours),  for  anthracite,  and  0.1S  en  ft. 
for  coke.  Vol.  of  scrubber  =  09  to  1.1  cu.  ft.  per  H.P.  Vol.  of  purifier  = 
0.36  cu.  ft.  per  H.P.  In  ordinary  generators  about  85%  of  the  heat  of 
the  fuel  leaves  the  producer,  a  loss  of  15  to  20%  being  due  to  heating, 
radiation,  and  unbiirnt  residue.  Efficiency,  65  to  75%. 

Suction-Producer  Tests  ,,f  a  number  of  plants  in  London  using  Scotch 
anthracite  (pea)  showed  a  consumption  of  0.85  to  1.1  Ibs.  per  H  H  P  hr. 
for  full  load,  and  0.9  to  1.25  Ibs  at  half  load  (larger  valurs  for  H  H.P. 
smaller  for  L'O  H  I1  ).  Volume  of  producers  in  cu  ft  per  H.P  O.23  (for 
20  HP  )  and  O.26  (8  H.P.).  R.P  M  .  2(M);  mechanical  efficiency,  81  to 
84%  at  full  load  (69  to  71%  at  half  load).  M.e.p.  about  79  Ibs 
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Blast-Furnace  and  Cokc-Oven  Gases.  For  each  ton  of  iron  smelted 
about  88,000  cu.  ft.  of  blast-furnace  gas  are  liberated.  One  ton  of  coal  in 
coking  yields  about  8,800  cu.  ft.  of  coke-oven  gas. 

Hot  Tubes  require  from  5  to  7  cil.  ft.  of  illuminating  gas  per  hour  (or 
0.22  to  0.33  lb.  gasoline  per  hour). 

Denatured  Alcohol  is  ethyl  alcohol  rendered  unfit  for  consumption  as 
a  beverage  by  the  addition  of  wood-alcohol,  benzol,  etc.  It  burns 
smokelessly  with  a  hot,  non-luminous  flame,  and  the  products  of  its  com- 
bustion do  not  yield  an  unpleasant  odor  unless  the  percentage  of  benzol 
is  excessive. 

Ethyl  alcohol  (C2H8O)  is  made  by  the  fermentation  of  sugars  or  starches 
contained  in  molasses,  corn,  potatoes,  etc.,  with  which  malt  and  yeast  are 
combined. 

Starch         4-  Water  =  Dextrose    =  Alcohol     +Carb  dioxide. 
(C6HIOO5)3  +  H20      =C6H12O6      =2(C2HC0)  +  2(CO2) 

The  alcohol  is  distilled  off  by  the  proper  application  of  heat,  absolute 
alcohol  (100%)  being  that  in  which  no  water  is  present. 

Specific  Gravity  of  Ethyl  Alcohol  at  59°|F.  Approx.  Lower'Heating  Value. 
%  by  vol.       %  by  wt.                Sp.  g. 

100  100  .7946  11,700  B.T.U.  per  lb. 

95  93.8  .805  10,900       

90  87.7  .815  10,100       

One  gal.  abs.  alcohol  =  6 . 625  Ibs.  77,500  "  gal. 

Composition  of  absolute  alcohol  =  0.522C  +  0.13H-f  0.348O.  Air  required 
for  combustion  of  1  lb.  alcohol  =  9  Ibs.,  or  111.5  cu.  ft.  at  62°  F. 

Boiling-point  =  173.1°  F.  freezing-point  =  —200°  F. 

Specific  heat  of  liquid  at  32°  F.  =  0.5475.  kp  of  vapor  =  0.4534;  kv  =  OA; 
A-rH-Av  =  n  =  1.14.  Law  of  compression:  PFi."=P,y,  1.1^ 

Alcohol  motors  are  started  up  with  gasoline,  and,  when  warmed  up  suffi- 
ciently, alcohol  vapor  is  used.  Cooling  water  required  is  about  20  Ibs. 
por  H.P.  hour,  and  efficiency  is  promoted  by  having  its  temperature  as 
high  as  possible. 

Denaturants. 

Sp.  e.  Boiling-  Lower  Heating  Value 

(59°  F.)     point.  (Approx.). 
Methyl 

(or  Wood-alcohol  )...CH4O       0.800  151°  F.  8,300  B.T  U.  per  lb. 

Benzol C6H6         0.866  176°  17,200       

Acetone C-,H6O      0.800  133°  12,600       

Pyridine C6H5N  117°  17.000       

Gasoline 0.700  180-210°          19,000       

Denatured  Alcohol  Mixtures  [parts  by  volume  added  to  100  vols.  of 

90%    (vol.)  alcohol]. 
Sp.  e.    CH4O       C5H6N     C3H6O     C6H6     Gasoline 

French 0.832     7.5  2.5  0.5 

German 0.819     1.5  0.5  0.5 

Do.,  "Motor  Spirit  "..  .0.825     0.75         0.25         0.25         2 

No  more  heat  should  be  used  than  is  necessary  to  vaporize  the  mix- 
ture, high  temperatures  limiting  the  allowable  compression  and  decreasing 
the  economy.  For  a  90%  (vol.)  alcohol  7.9  Ibs.  of  air  are  theoretically 
required  for  the  combustion  of  1  lb.  Assuming  11.8  lb.  (an  excess  of 
50%)  in  practice,  1  cu.  ft.  dry  air  (at  60°  F  )  is  supplied  for  0.0065  lb. 
alcohol,  or  as  90%  (vol.)  =  87.7%  (wt.),  1  lb.  air  will  carry  0.877  (1+11  8)  = 
0.0075  lb.  ot  abs.  alcohol,  and  (1 -0.877) (1 -Ml  8)  =0  01  lb  of  water 
If  the  air  be  considered  as  saturated  with  moisture  when  entering  the 
vaporizer  at  60°  (26  in.  mercury),  it  will  contain  0013  lb.  water  in  addi- 
tion to  the  0.01  lb.  in  the  alcohol,  or  0.023  lb.  in  all.  A  temp,  of  77°  F 
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will  vnporiz«  this  amount  of  water  MM- I  rdso  0.162  Ib.  of  alcohol,  con- 
••ntlv  the  smaller  amount  of  alcohol  actually  used  will  be  super- 
•..,1 

t  i.    •  total    heat    of    vaporization    at    77°  F.    U-ing 

1   I      JUT  II)  )  tlie  heat  required  for   vaporizing  is  about  6%  of  the 
heating    value   of   the   alcohol   and    rnav    I  »•    oi.tain.-.l    from    the  exhau.-f,    or 
.eating    the   air    u.-ed    to   about    270°  F. 

r-   are   obtained     },y    compres-intf    the    mixture    to    180- 
i'(K)  U>-<    per  sq.  in  ,  tlie  corresponding  max   explosion  pressure  being  about 

9    per  sq   in. 

90%    (vol.)   alcohol   costs  about   15  cents   per  gal.    (2.21    cents  per  Ib.) 
when   made   from   ^ood   corn  at  42.4  cents  per  bushel.      To  comp-te   witn 
gasoline  at  15  cents  per  gal.  its  cost  must  be  reduced  to  12  cents  per  gal  , 
which    :s    possible    through    the    us-j   of   low-grade   grain,    cheap   vet" 
matter,    and    refuse   containing   sugar   or   starch. 

Gasoline.  Kerosene.      AlcohoU90% 

B  T.U.  per  Ib 19,000  18,500  10,100 

Cost  per  gal.  in  cents 15  13  15 

"      "    Ib.     "       "     2.57  1.88  2.21 

Specific  gravity 0.710  0.8  0.8)5 

*  Lbs.  per  B.H.P.  hour 0.58  0.725  0.803 

*  Thermal  brake  efficiency  in  per 

cent 23.  18.  31.7 

B.T.U.  per  B.H.P.  hour 11,000  14,140  8,030 

Fuel  cost  per  B.H.P.  hour  (cents)    1.485  1.446  1.758 

Gas-Engine  Design. 

Pistons.  Max.  pressure  on  piston,  P  =  0.7854pef2.  Permissible  surface 
pressure,  k  =  18  to  22  Ibs.  per  sq.  in.  (frequently  as  low  as  8  Ibs.  where 
length  of  piston  is  unimportant).  Length  of  piston  l^Q.llP-s-dk.  G  n- 
erally,  J  =  2.25rf  to  2.5d  for  small  engines  _(  =  1 .2od  to  1  5d  for  large  en- 
gines). Wrist-pin  diam.  d\  =3/pd-l\  H-5.6SO,  where  /i  =  total  length  of 
pin  =  0.75d;  bearing  length  of  pin  is  about  0.5rf.  Thickness  of  pi.- ton 
wall  =0.02d  4- depth  of  packing-ring  groove -f  0.2  in.  To  provide  for 
expansion  the  piston  is  tapered  from  d  at  the  crank-end  to  from  0.995<i 
to  0.998d  at  head  end.  Pistons  over  8  in.  in  diam.  have  from  4  to  6  radial 
stiffening  ribs. 

Piston-Rings.  Radial  depth,  «  =  0.022<f;  width,  6  =  0.028rf  to  0.044rf. 
No.  of  rings  =  d  +  56.  Space  between  grooves  =  6;  depth  of  groove  = 
s  +  (0.02  to  0.08  in.). 

Cylinders.  Thickness  of  walls  for  strength,  f  =  [0.42prf-n  (/  — p)],  where 
/  for  C.I.  may  be  as  high  as  3,500  Ibs.  per  sq.  in.  If  d>24  in.,  the  wall 
may  be  gradually  tapered  from  /  nt  compression  end  to  0.5/.  To  allow 
for  reborinrc,  etc.,  0.16  in.  to  0.4  in.  should  bo  added  to  t  throughout  the 
length.  Jacket:  where  axial  forces  do  not  enter  into  consideration,  i\  of 
jacket^0.4  in.  If  the  jacket  is  cast  in  one  piece  with  the  cylinder,  t\  = 
0.022(d  +  2i)  for  a  test  pressure  of  420  Ibs.  per  sq.  in.  (corresponding  to 
/--=  8,500  Ibs.  per  sq.  in.  in  a  cold 

Valves,  hi  =  lift  in  in.;  d}  iliam.  in  in.;  ai  =rd\h\  «=area  of  vnlve 
opening  in  sq.  in.;  a  =  piston  area  in  sq.  in.;  <S'  =  stroke  of  piston  in  ft.; 
c  =mean  velocity  of  piston  in  ft.  per  sec.;  t'  =  mean  velocity  of  pas  through 
valve  in  ft.  per  sec.;  d  =  diam.  of  cyl.  in  in.  Then,  Oj  =ac -e-  r,  and.  if 
A,<0.25rf,,  xdih^xePNS,  or  d{hi  =rf2AT.S'^- 1,200.  v  (mean)  =82  ft.  p- 
If  /  of  connecting-rod  =  2  5.S,  r(max.)  =  1.6r=  131  ft.  per  sec  In  order 
not  to  exceed  this  velocity  each  position  of  the  piston  requires  a  corre- 
sponding lift  of  the  valve,  AI  >  d3NS^-t-9,840dlt  where  v''  =  sin  a(l  ±x  r 
a  bein,-?  the  angle  made  by  the  crank  and  the  direction  of  center-line  of 
piston  rod.  For  v  (max.)  =98.4  and  164  ft.  per  sec.,  resp.,  substitute  7,540 
n nd  11', 560  for  9,840. 

*  Best  results  obtained. 
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If  >>  =  0.55 -i-Z  =  0.2, 


%  stroke,  outward,  2  5  10  20  30        40           45  5C 

%                return,  98  95  90  80  70        60           55  Sc. 

>!>=  .304  .472  .648  .853  .962  1.011  1.018  1.01 

t  stroke,  outward,  55  60  70  80  90  95           98  100 

return,  45  40  30  20  10         5            2  0 

^=  100  .976  .892  .759  .554  394  .251  .0 

Thickness  of  valve  in  in.  =  Vprf2-i- 25,600,  where  rf  =  outside  diam  of 
valve.  Diam.  of  valve-seat  =  0.98d-  0.32  in.  Diam  of  valve-stem  =  0  125d 
+  (0.2  in.  to  0  32  in.).  Spring  tension  on  valves:  for  throttling  regulation 
not  less  than  7  Ibs.  per  sq.  in.  of  cone  surface;  for  automatic  valves,  from 
0.7  to  1.00  Ib.  per  sq.  in.  of  cone  surface;  according  to  speed. 

Fly- Wheels.  Weight  of  rim  in  lbs.  =  2,165,320A:A:(0.75+pri.H.P.+ 
v2N,  where  p  =  m.e.p.  on  compression  stroke-s-m.e.p.  on  power  stroke 
=  0.3  usually;  k  has  the  values  given  on  page  74;  v  =  mean  vel  of  rim 
in  ft.  per  sec.,  JV  =  r.p.m.  and  K  has  the  followrng  values: 

4-cycle.  2-cycle. 

One  cylinder,  single-acting,  1.000  0.400 

double-acting,  .615  .110 

Two  cylinders,  twin,  single-acting,  .400  ^400 

single-acting,  cranks  180°  apart,    .  645  . 085 

double-acting,     tandem    or    4 

twin  opposing  cyls.,  .085          v 

Total  weight  of  wheel  is  about  1.4  times  wt,  of  rim.     (The  foregoing  matter 
has  been  derived  chiefly  from  Guldner's  "  Verbrennungsmotoren.") 

Proportion  of  Parts.  It  is  now  customary  to  assume  an  explosion 
pressure  of  450  Ibs.  per  sq  in.  (m.e.p.  =  70  Ibs.)  and  a  mean  piston  speed  of 
800-850  ft.  per  min.  For  this  pressure  the  values  given  on  pages  99  and 
100  should  be  altered  to  the  following: 

t  of  cyl.  wall  =  0.092d  + 0.25  in;  outside  diam  of  cyl -head  studs  = 
0.29dVi-=- No.  of  studs;  I  of  piston  =  2.25rf;  t  of  rear  piston  wall  =  0.12d; 
wrist-pin:  length  =  0.47d;  diam.  =  0.27d;  connecting-rod  Uiam  at  nii-1- 
length  =  0.29rf;  crank-pin:  diam.  =  0.47rf,  length  =  0.52d;  crank-throws: 
thickness  =  0.3d,  width  =  0.63rf;  crank-shaft  (at  main  bearings):  diam.=« 
0.43<f,  length  =  1.1 2d. 

Expansion  must  be  allowed  for  between  the  jacket  and  cylinder  walls. 
(For  144°  F.  increase  in  temp.,  a  cyl.  60  in.  long  will  expand  0.053  in.  in 
length.) 

Large  Gas-Engines  (over  200  to  300  H.P.)  should  be  double-acting, 
tandem,  in  order  to  obtain  maximum  power  with  minimum  weight.  (Junge. 
Power,  Dec.  '05.) 

Marine  Gas-Engine  (Otto-Deutz).  4-cyl.  horizontal  (20-25  H.P  per 
cyl.);  275-325  r.p.m.;  cylinder:  diam.  =  10.8  in,  length  =  33. 72  in.; 
stroke  =  15.6  in.;  crank-pin:  length  =  diam.  =5.4  in.;  length  of  connecting- 
rod  =2.25  X  stroke;  crank-throws:  6  in.  wide X 3. 7  in.  thick;  diam.  of 
wrist-pin  =  2.8  in. 

Gas  Turbines.  The  best  results  are  obtained  with  high  compression, 
rapid  introduction  of  heat  (around  900  B.T.U.  per  Ib.),  and  by  an  exhaust 
temp,  of  about  1,300°  F.  absolute.  The  charge  should  be  compressed  to 
about  570  Ibs.,  maintained  at  about  140  Ibs.  in  combustion-chamber,  and 
exhausted  at  or  below  atmospheric  pressure.  Velocity  at  nozzle  varies 
from  1,600  to  2,600  ft.  per  sec.  according  as  the  temp,  of  combustion  ranges 
from  1,800°  to  4,500°  F.,  absolute.  For  a  temp  of  3,600°  F.  abs.  (com- 
pression 350  Ibs.),  the  sectional  area  of  combustion-chamber «- 100 X sec- 
tional area  of  nozzle,  and  vol.  =  sectional  areaXS  to  10  times  the  diam 
Nozzles  to  resist  heat  are  made  of  corundum,  metal-tipped.  Peripheral 
speed  of  wheels  should  not  exceed  650  ft.  per  sec.  Wheels  and  vanes 
should  be  made  of  nickel  steel,  which  is  not  weakened  or  unduly  oxidized 
by  the  temperatures  employed.  (L.  Sekutowicz,  Mem.  Soc.  des  Ingenieurs 
Civils,  France.) 
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Air. 


and 

Pn-s-iin^  employed  C;lpr. 

HM.perBq   in    <jr:nige>  (cu   ft    pcrmin). 
For  bl."                                                                         -1  t"     10   Ibfl  l"p  to  (',.',.  (MM) 

,'    BaMtnoer  convert  i">  "     )">    '  .  i  noo 

1    compressed-air  1  1  7o  "   1!.'.     •  •     ••   ji 

1  ,U')()  :iri'i  upwards 
I1,  (MIO  .for  torpedo  1,, 

For   prc~.uri-s   above  7.1  ]b>  ,   two-  or  three-stage  compn--ion   should   he 
employed,    tin'    air    passing    from    compression    cylinders    into    intHn, 
where  it   is  split   up  into  thin  stream^  HIP!  i\<>\\<  over  the  tubM 

chilled  l).v  water  circulating  through  them  For  two-stage  compr. 
pr«-<ure  in  intercooler  N  fund  pressure  TO  be  obtained  For  thre- 
compression  (high  pressures,  1,000  Ibs.  and  •  ir«-  in  fir-T  int»-r- 

cooler  =  Vfinal  pres.;    pn-ssun-  in  X-COIK!  intcrcoolcr      V  -ijii.-trc  (,f  fin.-d  prf- 

The  ine.-in  jiistoii  \<-locitic<  finplovt-d  r.'iiiK*'  from  400  to  600  ft  p«-r  ruin 
Hlowcrs  for  l)l;ist-funi;iccs  h  ..f  from  .'i  t<>  0  ft.,  ;ui'l  r.p  m.  uji  to 

50.  Air  and  steam  cylinders  are  jrenendly  of  ci|ii;d  diriM-ri.-ions  ari'. 
the  same  length  of  stroke.  pwi(air)='  l-'or  la  rtce.  horizontal 

blast-fumace  hlowers  7,  O.S'j,  for  blowers  for  converter-  ::n<i  eomji-. 
i;=0.75  to  0  8  -nil-id  efficiency) 

The  volumetric  efficiency  ranges  from  90  to  95%.  It  may  be  deter- 
mined from  the  low-pressure  cyl.  diagram:  Volumetric  efficiency  =  length 
of  card  on  atmospheric  line  -=-  total  length  between  the  extreme  end  ordi- 
nates  of  card.  Velocity  of  flow  through  valves  =  3,000  to  5,000  ft.  per 
min.  (suction),  =5,000  to  7,OQO  ft  per  min.  (compn---. 

I  HP.  =  144crQ(p-  14.7)  H-  (09X33,000),  where  c=1.3  to  1.4  for  bla-t- 
furnace  blowers,  =1.35  to  1.5  for  compressors  and  blowers  for  converters; 
Q  =  cu.  ft  of  air  per  min.;  p  =  absqlute  pressure  of  air  in  Ibs.  per  sq.  in.; 
0.9  =  specific  weight  of  air  at  29.52  in.  of  mercury  and  at  77°  F.  compared 
with  air  at  29.92  in.  of  mercury  and  at  32°  F. 

Values  of  x: 

Forp=                                                      25  50  75  100  1  IT, 

T  (poor  cooling)  =                                    .81  .61  .50  .44  .40 
x  (efficient  cooling,  compression  ac- 

cording to  pw1'")  =                       .77  .57  .46  .40  .35 

Ft.-lbs.  of  work  theoretically  required  to  compress  1    cu.   ft.  of  fr. 
Irom  p  to  p,  =  (344X144p)[(^)°2"-l  ]  (see  page  102). 

Rotary  Blowers  consist  of  two  impeller  wheels  revolving  in  n  close-fitting 
casing  with  equal  velocities  and  in  opposite  directions,  the  air  being  drawn 
in  at  right  angles  to  the  axes  of  impellers  and  delivered  compressed  at 
the  opposite  opening.  The  profiles  of  the  impellers  are  developed  in 
the  same  manner  as  are  the  teeth  of  gear-wheels. 

Capacity  in   cu.  ft    ner  sec.,  <?-=  x  \-R(D^-A  )  -=-  M  -30),  where  .V-rp.m.; 
5  =  axial 
erom-oeotio 

Mechanical  efficiencv  ranges  from 
of  water  (0.43  to  2.9  lb^    per  <q    in.). 


acty  n  cu.  t  ner  sec.,  <?-=  x  --  -=-  -,  were  .-rp.m.; 
ial  length,  and  7)  =  diam  of  impellers,  both  in  feet;  A  =  area  of 
eotion  of  impeller  in  sq.  ft.;  /volumetric  efficiency—  0.6  to  o  '.>.', 
nical  efficiencv  ranges  from  0.4")  to  n  v,  Pressure*  from  12  to  SO  in 


Mechanical   Refrigeration. 

Plate  Ice  vs.  fan  Ice.      Plate  ice  does  not  require  the  use   of  distilled 

water  in  its  production       1    lb    of  coal   will   make  about    10  Ibs    of  plate 

me   L'7.~)  sq.   ft     of  free/ing  surface   being  required  per  ton   capacity. 

In  the  manufacture  of  can  ice  filtered  or  distilled  water  must  be  used, 
otherwise  the  impurities  contained  in  ordinary  water  will  be  retained 
in  the  core  of  the  block  Can  ice  does  not  keep  well  when  stored.  1  Ih. 
coal  will  make  from  6  to  7$  Ibs.  of  can  ice.  Plate  systems  cost  from  40  to 
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75%  more  than  can  systems.  (For  50-ton  plant,  a  can  system  costs  about 
$£50  per  ton  capacity) 

Heating  and   Ventilation. 

Heat  L.OSSPS  clue  to  conduction  and  radiation,  H  (in  B.T.U.)  =  Equiva 
lent  glass  surface,  EX(t  +  l5°),  where  t  =  difference  between  temp,  of  room 
and  outside  temp.  =70°  F.,  generally. 

E  =  ExP°sed  W&H  surface  +  Glasg  gurface  .  Exposed  ceiling  or  floor  surface 
4  20 

(Surfaces  in  sq.  ft.)  Exposed  surfaces  are  those  one  side  of  which  is 
subjected  to  temp,  of  outside  air. 

To  H  must  be  added,  V=  __   to    provide    for    ventilation  losses,  where 

On 

n  =  No.  of  changes  of  air  per  hour,  c  =  contents  of  room  in  cubic  ft.  The 
total  loss  (H+V)  must  be  increased  15%  for  E.  exposures  and  25%  for 
N.  and  W  exposures. 

Hot-Air  Heating.  Air  should  be  heated  to  about  140°  F  No  of  cu 
ft.  of  air  heated  from  0°  to  140°  =  Q  =  total  luat  loss  in  B.T.U. +  2.87. 
Assuming  that  5  Ibs.  of  coal  are  burnt  per  sq.  ft  of  grate-area  per  hr  , 
and  that  each  Ib.  supplies  8,000  B.T.U  .  area  of  grnte  in  sq.  ft.  =Qn- 14,000. 
The  heating  surface  of  furnace  should  be  from  12  to  20  times  the  grate 
area,  1  so.  ft.  of  heating  surface  giving  off  about  2,500  B.T.U.  per  hr.  The 
fire-pot  should  not  be  less  than  12  in.  deep,  and  the  cold-«ir  box  should 
have  an  area  of  about  75%  of  the  combined  cross-section  of  all  the  pipes. 
For  an  average  outside  temp,  of  2o°  F  ,  from  1:75  to  2  Ibs.  of  coal  are 
burnt  per  hr.  per  sq.  ft.  of  grate  area  For  temp,  of  —5°  F  ,  from  4  to  4.5 

Area  of  Pipes  for  Hot- Air  Heating.  Volume  of  air  in  cu.  ft  per  min. 
Y  =  E(t  +  15)  -H  (60X1.1).  Velocities  of  air,  r  =  280,  400,  and  500  ft.  per 
min.  for  1st,  2d,  and  3d  floors  respectively.  Area  of  pipes  in  sq.  ft.  =  V -*-  rt 
or,  diam.  of  pipe  in  in.  =>/184F-i-r.  Area  of  air  outlets  should  exceed 
1. IX grate  area.  Area  of  registers  =  1.25Xarea  of  pipe  supplying  same 
(Condensed  from  Proceedings  Am.  Soc.  Htg.  and  Vent.  Engrs.,  W.  G.  Snow 
and  I.  P.  Bird.) 

Blower  System  of  Heating  and  Ventilating.  In  this  system  the  air 
is  blown  by  means  of  a  fan  over  coils  of  pipe  through  which  steam  cir- 
culates. Cu.  ft.  of  air  required  =  Total  B.T.U.  required  •*•  55(1 40 -70), 
where  140  =  degs.  F.  air  is  to  be  heated,  and  70  =  degs.  F  temp  to  which 
rooms  are  to  be 'heated.  The  coils  are  generally  of  1-in.  pipe,  from  200  to 
250  linear  ft.  of  pipe  being  used  per  1,000  cu.  ft  of  air  to  be  heated  per 
min  Air  velocities  (ft.  per  min.):  Mains,  1,500-2,000;  branches  to 
reeister  flues,  1,000-1,200;  flues  to  registers,  500-700;  from  registers, 
300-500. 

Steam  Heating,  Sizes  of  Mains  for.     (Indirect  Radiation.) 

Sq.  ft.  of  radiating  surface  supplied  by  pipe  100  ft.  long  =  .4. 

A  =  (  82  +  2.3  p)ds'n,      whore  p<!6  Ibs.  Q  Ib.  allowed  for  drop). 
A=  (138  +  2. 15p)d2'61,  p>16    "     (*  " 

For  other  lengths,   multiply   by   factor  c: 

L  in  ft  =  50  200  400  600  800  1 ,000 

c  =          1.4  .7  .51  .41  .35  .31 

(p  =  abs.  pressure  in  Ibs.  per  sq.  in.;    rf  =  diam.  of  pipe  in  in.) 

Diam.  of  returns,  </i=0.5d  when  d>7  in.  If  d<4  in.,  </,  is  one  sue 
smaller;  if  d  =  4  to  7  in.,  rf]=3fr  in 

Direct  Radiation:  For  W.I.-pipe  radiators,  A  will  be  20%  greater  than 
above  for  a  given  diam.  d,  and  for  C.I.  radiators  30%  greater. 

[The  foregoing  has  been  digested  from  matter  contained  in  The  En- 
gineer (Chicago)  for  Jan.  '06.1 

Compare  with:  Square  feet  of  radiating  surface-  Ibs.  steam  per 
min  X145(  =  lbs.  steam  per  min.  X  60  min.  X  966  B.T.U.  per  lb.  +  400 
B.T.U.  radiated  per  sq.  ft.  per  hour).  See  also  formulas  on  page  70  for 
Flow  of  Steam  in  Pipes. 
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CiiitlltiK  "f   llot-Walrr   Pipes.       (  ir.lin.-ny  L'-in    pipej.  .Ol.VJ  in     thick) 
with    water   at     1  •»<)     I      r,.,,lmK    to    32°  I      (air    ::b.,nt    7     1        !.,>,•    :,r., 
mately  as  foUOWt: 

It  T.U.  per  sq.  ft    per  hr.  per  degree  drop  in  temp    (still  air). 
1.05  B.T.U.  per  sq.  ft    per  hr.  per  degree  drop  in  temp,  (air  moving  1  ft 

l.S^B.T.U.  per  sq.  ft    per  hr    per  degree  drop  in  temp,  (in  still  water  at 
4.5  B.T  U.  per  sq.  ft.  per  hr    per  degree  drop  in  Ump    (in  water  moving 


1*  in.  per  sec .). 
(Power, 


Feb.  '06.) 


HYDRAULICS    AND    HYDRAULIC    .MACHINERY. 

Plunger-Pumps.  Strainer  area  =(2  to  3)  X  cross-sect  ion  of  suction- 
tube.  Area  of  valve  passages  =(1  5  to  2)  X  cross-section  of  suction-tube. 
Valves  should  be  of  pure  rubber. 

Suction  air-chamber  vol.  =  (5  to  10)Xvol  of  pump  cyl.  Suction  veloc- 
ity =150  to  200  ft  per  min.  Vol  of  pressure  air-chamber  =  (6  to  8),-  vol. 
of  pump  cyl. 

Pressure  velocity  =  200  ft.  per  min.  for  large  pumps  and  long  pipes,  — 
300  to  400  ft.  per  min.  for  small  pumps  and  short  pipes 

Thickness  of  cyl.  wall  =0.02^  +  04  in.  for  vertical  pumps  (for  horizontal 
pumps  make  thickness  25%  greater). 

Thickness  of  air-chamber  walls,  t  =  OA2pd-r-  (ft  —  p),  where  p  =  lbs.  per 
sq  in.,  gauge,  /,  (safe)  =  2,100  for  C  I.  =8,500  to  10,000  for  W  I 

Efficiencies  up  to  93%.  usually  80  to  85%. 

Characteristic  Equation  of  a  Centrifugal  Pump. — Aq*  +  Bvi  +  Cn2= 


2gH,  in  which  A  B  and  C  are  constants  depending  on  the  dimensions  and 
design  of  any  particular  pump. — J.  G.  Davis  and  VV.  R.  Harding,  in  Engr., 
Aug.  27,  '09.  (Also,  independently,  G.  Zerkowitz  in  Zeit  Oesterreich.  Ingenieure 
u.  Arch.,  Sept.  24,  '09.) 

Water  Hammer  in  Pipe  Lines. — Pressure  developed  by  suddenly 
closing  a  steel  pipe  line  in  which  water  is  flowing,  in  Ibs.  per  sq.  in.  =  p  = 
634 .8v v/ {7(1 00<  +  rf) ,  in  which  v=  velocity  of  flow  in  ft.  per  sec.,  /  =  thick- 
ness of  pipe  wall  in  ins.,  and  d=  internal  diam.  of  pipe  in  ins.  For  cast  in/n 
pipe  substitute  S3.3<  for  100*  in  the  formula.  If  the  time  in  seconds  re- 
quired to  close  the  pipe^pipc  length  in  ft. -J- 2,363,  the  effect  on  the  pipe 
Is  the  same  as  that  of  instantaneous  closing. — S.  L.  Berry,  in  Jl.  Eleo. 
Power  A  Gas,  Jan.  30,  '09. 

Pumping-Engines.  Area  of  valve-seat  openings  =  area  of  plunger  X 
plunger  speed  in  ft.  per  min.  -r-200.  (Chas.  A.  Hague.) 

SHOP    DATA. 

High-Speed  Steel  Practice  (Speeds  in  ft.  per  min.,  cuts  in  in.). 

Light  Heavy 


C   I.,  medium, 
C.  I.  (hard),  tool-steel 

Steel,  soft, 
"      hard, 
Mall,  iron, 
lira--, 
Chilled  iron 

Speed.        C 
75         A 
35 
150 
92 
100 
120 
3  to  12ft. 

ut.             Speed.        Cut 
<&               47           iXi 
20           iX 
67           »X 
50           JX 
80          AX 
90 
per  min.,  all  cuts. 

The  above  vnlues  for  turning  are  for  diameters  of  work>6  in.:  for 
smaller  diams.  use  speeds  10  to  15%  lower  For  milling,  multiply  above 
speeds  by  1.5,— for  boring,  multiply  by  06  to  0.8. 
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Drilling:    Average  peripheral  speeds  (feeds  0008  to  002  in.  per  rev 
drills >*  in): 


for 


Material, 
Speeds, 


C.  I. 

80 


Steel. 
67 


Mall.  Iron. 
78 


Tool  Steel. 
33 


Brass. 
127 


Reaming:  Periph.  speed  =  Periph.  speed  of  drill  of  same  size  X 2-*- No.  of 
lips  on  reamer.  Feed  for  reamer  =  j(drill  feed  X  No.  of  reamer  lips). 

Milling:  Periph.  speed  of  cutter  for  a  cut  i  in.  deep,  and  a  feed  of  0.01 
in.  per  tooth  of  cutter  per  rev.:  C.  I.,  90;  mall,  iron,  86;  soft  steel  75; 
tool  steel,  37;  brass,  140. 

Planing:   50  ft.  per  min.  for  steel.     (O.  M.  Becker,  Eng.  Mag.,  Aug.  '06.) 


Turning: 
Ft   per  min., 
Lbs.  per  min., 
Milling: 
Cut,                       7 
Lbs.  per  min., 
Drilling:    50  to  100% 
(Results  with  "A.  W 

Tool. 
Lathe, 

(i 

it 

Wheel-lathe, 
Planer, 

Shaper, 
Drill  (H  in.), 
Boring-mill, 

Steel  Shafting.       C.  I.                Forged  Steel. 
61                150     102            160     32-100 
3.64              275     5.6              10         35 
Steel.                                             C.  I. 
}X£  in.,  6  ft.  per  min.         6X|  in.  ,4  ft.  per  min. 
6.4                                                5 
higher  speeds  than  given  above  by  Becker. 
"  steel;   Engineering,  London,  12-15-'05  ) 

Material.          Ft.  per  min.    Lbs.  per  min. 
C.  I.,                       106                    2.63 
Steel,                       44             2.  3  to  3.  43 
170                   1.69 
W.  I.,                       54                   4.2 
Steel,                         14                   6. 
Cast  steel,                30                   3.2 
C.  I.,                        29                 18.3 
Brass,                     120                   2.03 
W.  I.,                       54                      .88 
Steel,                       60                   1.1 

(G.  M.  Campbell,  Am.  Mach.,  l-25-'06.) 

The  average  cutting  force  varies  from  100.000  Ibs.  per  sq.  in.  for  soft 
C.  I.  to  170,000  Ibs.  for  hard  C.  I.  Very  hard  C.  I.  may  be  cut  at  25  ft. 
per  min.;  above  125  ft.  per  min.  for  C.  I.,  tools  begin  to  wear  rapidly. 
(Univ.  of  111.  tests.) 

H.P.  Required  by  Machine  Tools  =  CXlbs.  removed  per  min.  C  — 
2.5  for  hard  steel,  2  for  W.  I.,  1.8  for  soft  steel,  and  1.4  for  C.  I. 

(G.  M.  Campbell,  W.  Soc.  Eng'rs,  Feb.  '06.\ 

Standards  for  Machine  Screws.  (Threads  U.  S.  form;  adopted  hy 
the  A.  S.  M.  E.)  p"=pitch=  1 -=-No.  of  threads  per  in.;  d=depth=0.6l2 
p";  flat  at  top  and  bottom  =p"-s- 8;  D=diam.  of  body  of  screw. 

Diam.  of         Thickness  of  — Slot — 

Head.  Head,/.  Width.  Depth. 

Round     head     1.85D-0.005  0.7D  0.173D  +  0.015     0.35D  +  0.01 

"Sis""*":    2D-0.008  p-7y  n-0008 

Flat      fillister 

head 1.64D- 0.009    0.66D- 0.002 

Oval     fillister 

head..        ,     1.64D- 0.009    0.66D- 0.002 


0.33D-0.001 
0.44D-  0.001 


Height  of  oval  fillister  head=0.88D-  0.003;    radius  of  oval  head=diam. 
of  head.     Included  angle  of  flat  head=82°. 


Diam.  in  in. 
Threads  per  in  . 
Diam.  in  in. 
Tareads  per  in. 
Diam.  in  in. 
T.ireads  per  in. 


0.060 

80 
0.151 

36 
0.294 

20 


0.073 

72 
0.164 

36 
0.320 

20 


0.086 

64 
0.177 

32 
0.346 

18 


0.099 

56 
0.190 

30 
0.372 

16 


0.112 

48 
0.216 

28 
0.398 

16 


0.1 25 

44 
0.242 

24 
0.424 

14 


0.138 

40 
0.268 

22 
0.450 

14 


Force  Fits.     Pressure   required  in  tons -786rf/<?-^dI.on.    whore  </  = 
of  piece,  J=length,  J=allowance  for  fit,  all  in  inches.     (.8.  H.  Moore.) 
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International    Metric  Threads.      Aim!.-  of  thread  =  60°.     The  top  of 

thread    i-    Hatted    off   (i    of  its    height)   ;m<l    the    l.(,ttom    i<    rounded    to    \ 
its    height,    making    total    depth    of    dm  e    depth    of    a    sharp    V 

thread  of  sani"  pitch 

Cost   of  Klectric   Power.      In   lame  -t  r.-.  -t  -railway  power-houses 
to    10,000  kw.  capacity)  with   coal   costing  ^i{  ."»()  per  ton,   the   co-t    of  one 
kilowatt  hour  at  the  switchboard  is   about    S0.0078.      (C.  11.  Jlile,   I 
Nov.  '0.-I  ) 

Miscellaneous   Machine    Design. 

Power-Hanuners.  Lifting  force  /'  weight  of  haininer  M'  ••„,  where 
«=1.2  to  2.  Lift  L  3  to  6  ft.,  \\  KM)  to  -'. <><)<)  Ibs.  Velocity  1/iO  to 

250  ft.  per  min.;    strokes  per  min.  =  20  to  :iO 

Steam-llainmers.      FT  -  50,000  to  250,000    lb<  ,   ,,-1.5    to    2.      No.    of 
strokes    per    min.  =  72-J- ^L.     Greatest   lift   L,  .in   ft .,  -0  L.T>\J/H'.      Diam. 
of  piston-rod  in  in.  =  0.055'^W.     For  small  hammers  (Hr  =  150  to  2,OO<» 
a  =  2  to  3.5. 

Piston-rod    diani.    in    in.      (0  a    to    0.65)  X piston  diam. 

Weight  of  Anvil  and  Base  \\\--^cL\V ;  (c  =  1.8  for  iron  forging,  =3  for 
steel-work) 

Pressure  exerted  on  o.n\il  =  xLW +  Wt,  where  a-=18  to  25  for  iron-work, 
and  25  to  35  for  steel. 

Riveters  are  designed  to  furnish  100,000  to  200,000  Ibs.  pressure  per 
sq.  in.  of  rivet  section  (according  to  the  hardness  of  rivets),  and  about 
one-third  of  this  pressure  for  holding  plates  together  while  being  riveted. 

Bending  Rolls.  Diam.  of  roll  d  =  2^bt,  where  6  =  width  of  plate,  and 
t  =  thickness  (d,  b,  and  t  in  in.). 

Punches.     Diam.  of  punch    di=d.   or   d  —  £/;   dinm.    of  hole   in 
d\  +  ±t',     (d  =  diam.   of  hole   in   platr,  /  =  thickness   of  plate,  both   in   in.). 

Greatest  force  required  =  ora/.  a  (or  sneering  strength  of  material  in 
Ibs.  per  sq.  in.)  =84,000  to  100,000  for  steel  plates,  -. 55,000  to  8.5,000 
for  W.  I.  (  =  17,000  to  28,000  when  heated  to  a  dark  red),  =35,000  to 
55,000  for  copper,  =13,000  to  20,000  for  zinc.  Velocity  of  stroke  =  3  to 
4  ft.  per  min. 

Shears.  Vertical  clearance  of  blades  =  2°;  angle  of  cutting  edge  of 
blades  =  75°  (approx.).  Angle  included  between  cutting  edges  of  both 
blades  =  «  =  8°  to  10°.  Greatest  pressure  required  (when  a  =  0°)=0&f, 
where  6  =  width  of  blade  and  t  =  thickness  of  plate  to  be  sheared.  Pressure 

required  when  «>0°  =  -^     .     Cutting  speed  =  3  to  6  ft.  per  min. 

Circular  Shears  are  used  for  cutting  sheets  up  to  0.2  in.   in   thick- 

Diam.  of  blades  =  70 X thickness  of  sheets  to  be  cut,  circumferential 
speed  =  100  to  200  ft.  per  min. 

Rolls  for  W.  I.  Diam.  of  roll  in  in.  d=  (t,  — /2)  -5-  (1  —cos  «),  where  0  is 
obtained  from  the  relation,  tan  0=  /'.  ji  for  W.I.  at  rolling  heat  is  approx. 
equal  to  01,  whence  d  =  (tv  — 12~)  X  200.  (^  =  thickness  of  metal  before 
rolling,  ?2  =  thickness  after). 

Planers.  Speed  for  tables  over  6  ft.  wide  =  12  to  20  ft.  per  min  :  for 
tables  less  than  6  ft.  wide,  from  20  to  28  ft.  Return  speed  =  4  X  cut  ting 

Shapers.  Cutting  speeds  up  to  48  ft.  per  min.;  return  speeds  =  4 Cut- 
ting speed. 

Belt-Conveyors.  Rubber-covered  belts  from  S  to  60  in  wide  running 
on  rollers  (3  to  5  in.  in  diam.)  are  used  for  conveying  grain,  coal,  ashes,  etc., 
where  the  angle  of  elevation  is  not  over  23°. 

Spacing  of  Rollers. 
Drivineside.  Return  side. 

Grain 6  to  12  ft.  12  to  IS  ft 

Coal 4  to    6   "  8  to  12   " 

For  changing   direction    guide   rollers   6  to    8    in.    diam     are    used;     if 
the   deviation    is   abrupt,  rollers   from    12   to    L'O   in.   diam     are  employed. 
The  tension  of  belt  is  maintained  by  weights  or  a  screw. 
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Belt  Velocities  V,  in  ft.  per  min.: 

Bran,  light  grains,  etc.,  400;  heavy  grain,  500  to  600. 
Coal  (horizontal  belt),  460;  elevating,  660  to  900. 
Sorting  or  gathering  belts,  up  to  60. 

Cubic  feet  moved  per  hour  =  0.0224  F(0.96-2)2,  where  6  =  width  of  belt 
in  in. 

Screw-Conveyors  consist  of  sheet-metal  helicoids  mounted  on  hollow 
shafts,  with  bearings  8  ft.  apart  for  a  4-in.  screw  (up  to  12  ft.  apart  for 
an  18-in.  screw).  Used  where  elevation  angle  is  less  than  30°. 

Troughs  of  sheet  metal  0.08  to  0.16  in.  thick;  clearance  between  screw 
and  trough  =  0.12  to  0.25  in.  Spirals  of  rectangular-section  steel  bnrs 
wound  edgewise  and  connected  to  shaft  at  about  every  20  in.  perform 
about  20%  less  work  than  screw  conveyors. 

Sections  of  spirals.          0.8X0.2  in.       1.5X0.28       2.5X0.28       3X0.28 
Diam.  of  trough.  4  in.  8  in.  12  in.  20  in. 

Diam.j>f  screw  d<  17  in.,  generally.  Pitch  of  spirals  =  0.7d.  R.p.m.  = 
282  -s-V'T. 

If  42%  of  the  cross-section  of  trough  is  assumed  to  be  filled  with  the 
material  to  be  moved,  then.  Cu.  ft.  moved  per  hr.  =  2.265v/rfs. 

H.P.  required  =  (0.025  to  O.OTS)  XLqr,  where  L  =  length  of  screw  in 
ft.,  g  =  cu.  ft.  delivei«<l  per  sec.,  and  r  =  lbs.  per  cu.  ft.  of  the  material 
moved. 

ELECTROTECHNICS. 

Storage  Batteries  consist  of  lead  plates  immersed  in  dilute  sulphuric 
acid.  These  plates  are  either  coated  with  a  paste  made  of  red  lead  (or 
red  lead  and  litharge),  or  they  are  cast  in  the  form  of  grids,  the  paste 
being  forced  into  the  holes  of  the  grids  unc'er  pressure.  Tie  numl  er  of 
negative  plates  is  always  one  more  than  the  number  of  positive  plates. 
The  H2SO4  must  be  pure  (free  from  HNOC,  HC1,  and  Sb)  and  diluted  only 
with  distilled  water,  the  arid  being  always  poured  into  the  water,—  nev.  r 
rice  versa.  The  dilute  acid  or  electrolyte  should  have  a  sp.  g.  of  about 
1.14  (  =  19°  Baume")  at  the  beginning  of  a  charge,  which  rises  to  1.18  to  1  2 
(23°  to  25°  Baume")  at  the  completion  of  chnrge.  The  density  becomes 
altered  in  use  through  evaporation  of  water,  loss  through  ebullition,  etc  , 
and  water  or  acid  should  be  added  from  time  to  time  to  keep  the  pistes 
covered  with  $  to  $  in.  of  the  electrolyte.  The  sp.  g.  is  the  best  gvi<!e  to 
the  condition  of  the  cell.  Voltage  of  cell  =  2  volts,  approx.,at  beginri-  g 
of  charge,  rising  slowly  to  2.2  volts,  thence  more  rapidly  to  2.7  vi  Its. 
Discharge  begins  at  about  2  volts,  quicklv  dropping  to  1.97  volts,  tl  en 
slowly  to  1.9  volts  and  then  rapidly  to  1.83  volts.  If  no  current  is  t.iken 
from  cell,  its  voltage  is  about  2  volts,  regardless  of  the  degree  to  which 
it  is  charged.  Current  strength  varies  (acooVincr  to  size  and  construc- 
tion of  cell)  from  5.5  to  8.4  amperes  per  sq.  ft.  of  plate  area  (charging), 
to  8.4  to  11  amp.  per  sq.  ft.  (discharging),  or  1.1  to  1.3  amp.  per  Ib.  of 
plates. 

Capacity  is  measured  by  the  number  cf  ampere-hours  which  a  cell 
will  yield  up  to  a  certain  defined  drop  in  voltage  (7  to  20%)  down  to  1.83 
volts.  The  capacity  is  greater  the  slower  the  discharge  nnd  varies  from 
1.8  to  3.6  nmp.-hr.  per  Ib.  of  plates  (rapid  discharge)  to  5.5  to  7  amp.-hr. 
per  Ib.  (slow  discharge). 

Efficiency :— Good  cells  yield  from  90  to  95%  of  the  amperage  with  which 
they  are  charged,  and  (the  voltage  of  discharge  being  lower  than  that  of 
charge)  from  75  to  85%  of  charging  energy  in  wntts. 

The  first  charge  must  be  undertaken  as  soon  as  the  electroMe  is  poured 
into  the  cells  arid  it  should  continue  until  the  positive  plates  have  a  dnrk- 
brown  color  and  the  so.  g.  of  elect  olvte  has  risen  from  1.14  to  nt  least 
1.18.  Time  required:  from  16  to  50  hours.  Charging  is  genen»llv  accom- 
plished with  voltages  up  to  2.4  volts  for  a  steadv  current,  and  is  interrupted 
when  gas  bubbles  slowly  begin  to  form  at  nboi-t  2.25  volts  (i.e  .  when 
violent  ebullition  occurs  at  about  2.5  volts)  Cells  should  be  fullv  charsred 
When  lying  unused,  and  should  be  recharged  every  10  days  or  so,  if  possible 
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The     Dielectric     Streimth     (f     1  n^iilal  iiiii     .Material*.  /  \   . 
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''!'ur-i>  p  r  sq.  In."  .vrc  c::lcMil:iic(l  cm  tho  aspuniption  that  tlie  number 
of  layers  p.-r  in.  il.-pth  No.  of  turn-  per  in.  (linear.)  X  '  .166  (or  16f%  in- 
cri':i-«-  per  in.  due  to  iinhcdnicnt  of  hiveis),  ;ui(i  thnt  "Turns  per  sq.  in."  = 
1.166X  fturns  PIT  in.)-'. 

•  f.-i-t  of  wire  in  1  cu.  in..  //^=Turns  per  sq.  in.-M2. 
<)Iinis  re.-i-f.-Mice  IM  i  en.  i'!.=LXNo.  of  ohms  per  linear  foot  (see  table  OB 

Insuhition  assumed,  J  (diam.  of  covered  wire  =  diam.  of  bare  wire  +  J)1 


Siz-  of  Wire, 
Sinele-co\  -el- 
Double-covered,  •) 


4  to  10  inclusive 
0.007  in. 
0.014  in. 


1  !  to  IS  inclusive 
0.00/S  in. 
0.010  in. 


19  and  up 
0.<H)4  in 
0.008  in. 


!•:.  M.  F.  of  Dynatnos.      Let    _'/>     No    of  poles,  2a  =  No.  of  p.-irallel  ar- 
mature  brandies  into  which   the  current  divide?;    then,  E=6ano^f.  — 10~8. 

o()  a 

polar   pitch),    fii     induction  jn    air-jrap.    I> 

di.-ini.    of  ann-ituie   in   em  ,   /      length   of  armature   in    cm.      Then,   kilowatt 
ity    of    ir.-nerator      r/A'/>-'10  "     whei  lid       :  »i       ;1       No.   of 

ampere-conductors   per  cm     of  circumference,        nolt      --!>.   where    /.', 

•  nducior  )  .1  (ordinarily  200)  may  readi  300  to  350, 
with  high  Hi,  stroni:  saturation  of  teeth  and  irood  ventilation.  (If  «=0.6 
to  OS.',.  /;  0,000  to  10,000,.!  15(1  to  200.  then  e  1  to  3  '  The  current 
\olurne  in  one  slot  of  an  armature  (  =  /ano)  should  not  exceed  900  amp. 
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If/a<70  amp.,  round  wire  slmuld  l>e  used;  if  >70  amp.,  conductors 
of  rectangular  section  an-  i.rrfVrable.  No.  of  commutator  segments^ 
0.04n0V/..  For  no  see  bottom  of  page  136. 

Current  density  in  armature  conductors:  2  to  5  amp.  per  sq.  mm. (  =  400 
to  1,000  rir.  mils  per  amp.  =  1,300  to  3,200  amp.  per  sq.  in.). 

Tooth  saturation:  maximum  (at  root)  =  16,000  to  23,000  lines  per  sq. 
cm.;  minimum  (at  periphery)  =  14,000  to  20,000. 

Saturation  of  core:  7,000  to  12,000,—  lower  value  for  multipolar  machines. 

For  cooling  of  armature  allow  5  to  10  sq.  cm.  of  external  surface  for  each 
watt  wasted.  (Kapp.)  Brushes:  each  metal  brush  should  tovtr  from  1 
to  2£  commutator  segments  (carbon,  2  to  3i). 

Interpoles,  Motors  and  Generators  with.  Interpolcs  are  used  be- 
tween the  main  poles  of  multipolar  machines  for  the  purpose  cf  neutralizing 
the  armature  magneto-motive  force  and  the  reactance  voltage  due  to  the 
short-circuiting  of  the  armature  coils  by  the  brushes,  sparking  being  thereby 
reduced  to  a  minimum.  .The  higher  the  speed,  the  voltage,  and  the  output, 
the  greater  are  the  advantages  derived  from  their  use.  Roughly,  for  gen- 
erators, 

K.W.  Voltage.  R.P.M.  Interpoles  are: 

750  and  up  250  and  up  1,500  and  up  To  be  used. 

250  250  1,000  Of  slight  advantage. 

100  250  1,000  ••      " 

100  and  up  250-500  100  "no 

400    *  *     * '  500  200  To  be  used. 

600    "     ••  250  200 

In  the  second  and  third  cases,  interpoles  are  more  satisfactory,  but  they 
increase  cost  of  construction,  and  good  designs  are  available  without 
using  them.  Interpoles  are  extensively  used  in  small  motors  and  dynamos 
of  high  and  moderate  speeds,  but  where  heating  and  not  sparking  is  the 
limit  of  output,  their  use  is  attended  with  increased  cost,  lowered  efhci<  ru-y, 
and  no  especial  advantages. 

The  peripheral  speed  of  commutator  should  not  exceed   115  ft.  pt  r  sec.. 


and  commutator  should  be  large  enough  to  radiate  the  lu:st  fri  n<  rut«l, 
1  sq.  in.  of  surface  being  allowed  for  each  60  ainpert  s  of  curn  nt  taken  off. 
The  leakage  or  dispersion  coefficient  is  larger  tlinn  in  «;isu>n.s  without 


interpoles,  being  1.35  for  the  main  magnetic  circuits  and  1.45  for  the  aux- 
iliary or  interpole  circuits. 

To  calculate  the  flux  required  to  enter  the  armature  fr<  in  the  irittrpolts, 
let  1  =  length  of  conductor  (in  cm.)  which  actually  ruts  the  auxiliary  held. 
Then,  i— 1.1X0.7X6,  where  6— breadth  of  bole-shoe  (i|  to  .-haft),  1.1  — 
coefficient  to  allow  for  "fringing"  or  spreading  of  field  at  the  pole-tips, 
and  0.7==  that  portion  of  the  length  of  conductor  which  is  active  (i.e.,  im- 
bedded in  the  armature  iron,  the  remaining  0.3  being  taken  up  by  air- 
ducts,  insulation,  etc.). 

Let  S  =  peripheral  speed  of  armature  in  cm.  per  sec.,  and  jB^ayerage 
density  in  the  air-gap  of  interpole  in  lines  per  sq.  cm.  Then,  E.M.F.  gen- 
erated by  one  conductor  =  /?>kS'10~8.  As  there  are  two  conductors  in  the 
short-circuited  turn,  E.M.F.  in  one  turn  =  2£;jS'10~s,  and  this  must  suffice 
to  neutralize  the  reactance  voltage.  If  v  =  mean  reactance  voltage  [  =  re- 
actance volta» -»-(*+ 2)1  »— 21US*10~8,  whence  B,  or  the  desired  flux 
density  =  »-  10s -*- 21S.  See  pages  140-143.  (H.  M.  Hobart,  Elec.  &WMW, 
N.  Y.,  1-20-'06.) 

Resistance  of  Iron  and  Steel  Rails.  Iron  rails  have  x  times  tin- 
resistance  of  cooper  conductors  of  same  cross-section  and  the  content  of 
manganese  in  the  iron  seems  to  be  the  chief  factor  in  increasing  the  value 
rf  x.  For  continuous  currents,  z  =  5  +  7  Mn  (roughly),  when  .Mn=per 
rent  of  manganese.  A  very  good  rail  used  in  London  and  containing 
0.19%  Mn  has  a  measured  value  of  z  =  6.4.  (By  formula:  ar-5-r  (7X0.19) 
=  6.33.) 


1  vs  Ai-i-i  :.DIX. 

•superheated  Strain.  The  late.-t  and  most  accurate  data  on  the 
:-perilie  heat  ol  tuperheated  -tc.-im  :it  i-on.tatit  pressure  (kp)  are  those 
obtained  l>.\  Messrs.  Knoblauch  Jiml  .lakob,  in  l«»O.~i.  at  tin-  Munich  Irn- 
penal  Technical  Colleue.  They  found  that  at  saturation  k,,  rixes  very 
rapidly  with  t.he  t emperat ure  rises  above  that  of 

-at  uiation.    /-.-    at     in-i     lapidly    !'.•  a  minimum,   and  then   rises 

iiiorr  -lo\\lv  with  further  increase  in  t  emperat  urr;  also  that  the  tempera- 
ture triviiiK  the  minimum  become!  greater  with  ^renter  ptes.-ure.  At 
higher  temperature-  t'u-  -pccitic  lirat-  a'  all  prr»urr>  approximate  each 
oilier  inucli  more  <l<»rlv  than  at  lower  t rmprrat ures.  The  following 
tahh-  enil>odies  tiie  result>  olitained  by  these  experimenters: 

Si-i  (  i!  ic   HKAT  (k,,)  AT 
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The  mean  specific  heat  t\rough  the  whole  range  of  temperature  from  satu- 
ration up  to  the  various  pressure-temperature  conditions  given  is  aa 
follows: 


300°  F'         400°  F'  500°  F"  600°  F'  700°  F' 

olbs  0.525  0.507  0.497  0.494  0.494 

100     "  .....  0.560  0.528  0.515  0.512 

150    "  .....  0.618  0.560  0.533  0.526 

200    "  0.692  0.585  0.548  0.536 

250     "  ..........  0.625  0.570  0.548 

These  values  have  been  obtained  from  diagrams  plotted  by  Mr.  Robt.  H. 
Smith  (The  Engineer,  London,  Aug.  23,  '07)  from  the  data  of  Knoblauch 
and  Jakob's  experiments. 

Stresses  in  Rotating  Disks.  Let  D=  outside  diam.  in  ins.;  d= 
diam.  of  hole  in  ins.;  v=rim  velocity  in  ft.  per  sec.;  t0=wt.  of  1  cu.  in. 
of  rnetal  used;  /<=  tensile  stress  induced  by  centrifugal  force.  Then  lor 
a  plain  disk,  }t=4un>2(D2  +  Dd  +  d*)  +  gD2.  For  a  solid  disk  (d=0),  /<= 
4uwa  +  0.  For  a  conical  disk,  /<  =  2icv*(D*  +  3<f<  -  4Drf3)  +  gD-(D  -  d)2. 
For  solid  conical  disk  (d^O),  jl='2wy2  +  q.  For  disks  such  as  are  used 
in  hinrh-speed  steam  turbines,  and  which  have  logarithmic  profiles  whose 
equation  is  y=a  log  (x-s-6),  /<=  1.5  wvz-±g  when  0=6;  //=  1.2  wv2-s-g  when 
0=36.  (From  article  by  A.  M.  Levin,  Am.  Mach.,  10-20-04.) 
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SIATHEMATICS. 

Values    of    ir. — ••  =  3.141593  + ;     logjr  =  0.497 15;     l/ir  =  0.31831;     »2  = 
9.8696;    **  =  3 1.0063;    \/n=l. 7725;    tfir  =  1.4646. 

Logarithms. — The  mantissas  of  logarithms  may  be  calculated   within 
0.3%  of  tabular  values  by  means  of  the  following  equations: 
Log  AT=  (L013A7-  1.013)/(AT+ 1.367),  when  N^2; 
=  (1.34AT-1.2)/(AT  +  2.9),  when  AT  =  2  to  4; 
=  (1.686^-0.515)7(^  +  6.35),  when  AT  =  4  to  10. 

The  numbers  (N)  corresponding  to  the  logarithms  (L)  may  be  found  from 
Ar=(1.367L  + 1.013)7(1.013 -L),  when  L^O.301; 
=  (2.9L  +  1.2)/(1.34-L),  when  L  =  0.301  to  0.602; 
=  (6.35L+0.515)/(1.686-L),  whenL  =  0.602  to  1. 

MATERIALS. 

Cupro-Nlckel    Steel. — An    electric   furnace  steel   containing   0.4 ; 
0.48%  Cu,  and  3.62%  Ni,  tested  by  Dr.  John  U.  Matthews  (Indus.  Entig.', 
Sept..  1910)  gave  the  following  results: 

Elastic  Ultimate  Elong.  in  Reduction 

Limit.  Strength.  2  in.  of  Area. 

Material  as  rolled...       72,400  Ibs.  115,000  Ibs.  22%  51% 

Annealed 63,750  Ibs.  107,300  Ibs.  2.V  ,  tgfl 

Heated   to   1500°  F, 
drawn   back   to 

600°  F 185,000  Ibs.  200,000  Ibs.  12%  46% 

Magnalium  contains  90  to  98%  Al  and  10  to  2%  Mg.     Sp.g.,  2.4  to  2.6: 


Tensile  strength  (Ibs.  per  sq.  in.):  Castings,  19,000  to  42.000;  forcings. 
30,000;  plates  and  wire,  42,000  to  52,000;  drawn  rods,  60.000;  tubing. 
74,000.  The  metal  fuses  at  1,200°  F.,  and  its  sp.  heat  is  0.2185.  It  is  much 
stronger  than  aluminum,  is  lighter,  and  does  not  tarnish;  it  forges  like 
Swedish  steel,  and  machines  like  brass. 

Monel  Metal  is  a  natural  alloy  from  the  Sudbury  Mines,  Canada,  ap- 
proximately 70%  Ni+1.5%  Fe +28.5%  Cu.  Sp.g.,  about  8.9;  melting 
point,  2,480°  F.  Tensile  strength  (Ibs.  per  sq.  in.):  castings,  77.500;  rolled 
plates,  90,000.  Elastic  limits,  36,000  and  45,000,  reap.  Elongation  in 
2  ins.,  28  and  30%,  resp.;  reduction  of  area,  29.5  and  6()r(' ,  rrsp. 

Nickel  Steel  containing  3%  Ni  and  0.3%  C. — Tensile  strength  (Ibs. 
per  sq*  in.):  Annealed,  88,000;  very  hard  temper,  225,000.  Elastic  limits. 
60,000  and  225,000,  resp.;  elongation  in  2  ins.,  28  and  8%  reap.;  reduction 
of  area,  58  and  19%,  resp. 


B), 

than  water,  Sp.  G.  =  (152.7 +0.01fi)/(152.7-B). 
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Stool  Castings.      According  to  O.  Berkrnan  in  <i,,ssrrri   Z,ilun,.i  ('1909), 
tin-  following  are  suitable  percentages  oi  (  ,  Si  ami   Mn  for  th.-  pu- 
specified: 

Carbon  Silicon     Manganese 

°7 
Small  machine  parts  .................  (>.'.">  0.25 

Large  '      ..................      n.ItoO.J     (».2to0.4     0..">  to  o.s 

Bard  castings,  for  ore  crushers,-  etc  ........     n>toi.o    0.2  to  0.4    0.5t<>i.o 

Rudder  frames,  stern  posts,  i-tc  .........       0.2  to  0.4  0.:? 

Track  .switches,  press  cylinders,  etc  ......  0.7  <>.t  0.8 

STRENGTH    OF    UATF.KIALS. 

Allowable  Fiber  Stresses  for  Rolled  Copper  Plates  (Barh).—  For 
constant  stress  /,  =  8,600  Ibs.  per  sq.  in.;  for  repeated  stresses  due  to  load 
fluctuating  between  0  and  P,  /t  =  4,300  Ibs.  per  sq.  in. 

Chain  Links,  Strength  of.  —  According  to  (ho  results  of  extensive  tests 
at  the  Univ.  of  111.  Experiment  Station,  l.y  1'rots.  Goodenougb  and  M 
safe  load  in  lbs.  =  P  =  0.4  d2  /t  for  open  links,  in  which  f/  —  diam.  of  metal  in 
the  links  in  ins.,  and  /t  =  max.  permissible   tensile  stress  in  metal,  Ibs.  per 
sq.  in.     For  stud  links  use  0.5  in  place  of  0.4  in  formula. 

Chain  Rings,  Pro  portlonsof.—  According  to  W.Worsdell(^rH/flr.,  5-  6-  10), 
load  at  which  deformation  commences  in  hoisting  rings  forged  from  iron=  W 
=  42,000  d3/D;  using  a  safety  factor  of  3,  safe  load=  14,000  d3/D,  in  which 
d  =  diameter  of  iron  in  ring  and  Z>  =  rnean  diameter  of  ring  =  internal  diam. 
+  d.  This  is  equivalent  to  the  formula  from  Engineering,  on  p.  165,  taking 
/,  =  22,  700  Ibs. 

Flat  Plates,  Strength  of  (Bach  and  Grashof).  —  For  a  circular  plate  oi 
radius  r,  uniformly  loaded  with  p,  fixed  more  or  less  completely  at  the 
f=kpr2/t2,  in  which  /t  =  0.8  to  1.2  for  C.I.,  and  0.5  for  mild  steel  (  =  0.75 
when  supported  at  edges).  Circular  plate,  supported  at  edges,  and  loaded 
centrally  with  W  (of  radius  n)  :  f  (for  C.  I.)  =  1.43  W[l  -  (2n/3r)]/*2.  Kect- 
angular  plate  of  sides  a  and  6,  supported  at  edges,  uniformly  loaded  with  ;<.- 
f=0.5kpa2b~/F(a2  +  l>2).  [For  square  plate  a  =  6,  and  /=0.25/tpaV<2J;  &  = 
0.75  to  1.13  for  C.  I.  For  rectangular  plate  loaded  at  center  with  W,  /= 
1.5kabW/t2(a2  +  b2),  in  which  £=1.75  to  2  for  C.I.  Large  flat  surface 
supported  by  stays  at  corners  of  square  areas:  For  each  area  /=  0.228pj*V/2. 
in  which  s  =  dist.  c.  to  c.  of  stays.  In  the  foregoing  p  =  lbs.  per  sq.  in., 
M7  =  lbs.,  <  =  thickness  of  plate,  /=greatest  normal  stress  in  Ibs.  per  sq.  in.; 
all  dimensions  in  inches. 

Hollow  Spheres,  Strength  of.  —  For  internal  pressures, 


in  which  p  should  not  exceed  1.54/t.     For  external  pressures, 

<  =  0.5d(^(/c/T/0-  1.05p)-  1), 

in  which  p  should  not  exceed  0.95  /c.  Take  /  and  d  in  inches,  p,/tand/« 
in  Ibs.  per  sq.  in.;  values  for/t  and/c  from  table  on  p.  163.  (Ing.  Taschen- 
buch). 

Keys,  Proportions  of  Sunk.      (Fn-vlag's  "  Ililfshuch  fur  den  Maschinen- 
l.au.")—  Width  of  kcy  =  6=0.2d  +  0.25  in.;    thiokneaa     n.i 
diam.  of  shaft  in  inches. 

Riveted  Joints.  —  According  to  C.  Bach,  rivotod  joints  should  he  designed 
with  regard  to  the  frictional  hold  of  the  surfaces  fastened  touether.  m-tead 
of  relying  on  the  shearing  strength  of  the  rivets  used;  for  rivets  which  are 
driven  when  hot  do  not  fill  the  rivet  holes  after  cooling,  and  slip  must 
necessarily  take  place  before  the  rivets  can  t>e  subjected  to  shear.  The 
following  German  proportions  are  based  on  this  supposition. 

Lap    Joints    (or  butt  joints  with  a  single  cover  plate).     Single  riveted: 
d=\AV  t  -0.16  in.  (fc  =  6,700  to  7,800);  p  =  2d  4-0.32  in.;  e=1.5d.    Doul.le 
riveted,    staggered:     &  =  12,250    to    14,500;     p  =  2.6rf  +  0.6    in.: 
Double  riveted,  chain:    p  =  2.6d  +  0.  1   ii  Triple  riveted 

16.700  to  I?-).]'!!);  p  =  3rf  4-0.88  in.;  fi  =  0..r)/>  f//  and  c  the  same  for  all  lap 
joints). 
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Butt  Joints.  For  one  row  of  rivets  in  each  plate:  d=1.4i/  I  —0.2  in  ; 
p  =  2.6rf  +  0.4  in.;_  e=l.5d;  e2=l.35d;  *  =  11,200  to  13,400.  Two  TONV.S  ol 
rivets:  d=  1.4i/  t  -0.24  in.;  p  =  3.5d  +  0.6  in.;  e=  l.Sd;  ei  =  0.5p;  e2=1.35p; 
&  =  2 1,200  to  25,700.  Tb»e  rows  of  rivets:  d—1.4i/  t  -0.28  in.;  p  =  3d  +  (). ' 
in.;  e=1.5d;  n  =  0.375p;  <>2=  l.Srf;  £  =  30,200  to  33,500.  <i  =  0.6'_V  to 
0.66/  for  one  and  two  rows,  =  0.8^  for  three  rows. 

In  the  foregoing,  d  =  diam.  of  rivet;  <  =  thickness  of  plate;  *i  =  thicknesc  ci 
cover  plate;  p  =  pitch  =  distance  c.  to  c.  of  holes  in  one  row;  e  =  dist.  from  >,. 
of  hole  to  edge  of  plate;  ei  =  dist.  c.  to  c.  of  rows;  e2  =  dist.  from  c.  of  ho  e 
to  edge  of  cover  plate. 

The  working  resistance  to  slipping =/x  =  7,000  to  17,000  Ibs.  per  sq.  in. 
of  rivet  section,  according  to  the  nature  of  the  joint.  Hence  the  working 
tensile  stress  in  the  plate  (without  deducting  rivet  holes)  =f=nird2fx/4p', 
in  which  n  =  No.  of  rows  of  rivets  on  one  side  of  joint.  A\so,f=kd2/pt,  ,': 
having  the  values  given  above  and  being  equal  to  0.7854n/x.  The  stress  in 
net  section  of  plates =ft—fp/(p  —  d)  and  this  must  not  exceed  the  allowable 
working  stress  in  tension. 


Relative  Tenacity  of  3Iet 
Dees  F                                  212 

als  at  Tc 

400 
1.12 
1.32 
0.89 
0.87 
0.78 
0.80 
0.81 

'mprran 

600 
1.16 
1.18 
0.72 
0.65 
0.44 
0.60 
0.53 

ires  above  Normal. 

800         1000         1200 
0.90         0.75         0.40 
0.74         0.36         0.22 

Wrought  Iron.  .  . 

..      1.04 

Mild  Steel.. 

.  .      1  .  03 

0  98 

Brass  (rolled)  

.  .     0  .  98 

Brass  (cast)  
Gun  Metal  
Phosnhor  Bronze.  .  . 

.  .      0  .  96 
.  .      0.97 
.     0.97 

Torsion  and  Bending:  Guest's  Law.  —  For  ductile  metal,  such  as  soft 
steel  used  in  crankshafts,  etc.,  J.  J.  Guest  states  as  the  result  of  experiments 
that  the  Equivalent  Bending  Moment  =  V  Bm2  +  Tm2  (see  same  topic,  pp.  31 
and  166).  His  work  has  been  confirmed  by  Messrs.  Scoble,  Hancock.  Smith 
and  other  investigators. 

ENERGY   AND  THE  TRANSMISSION   OF  POWER. 

Axles  —  Loads  on  Shaft  Bearings.  —  Axle  with  single  load  between 
bearings:  —  Let  Q  =  load  on  axle  due  to  its  own  weight,  weight  of  pulley  or 
flywheel,  and  the  (downward)  pull  of  belt.  Let  distance  of  point  of  applica- 
tion of  Q  from  bearing  at  its  right  (left)  =  «r  (sj).  Then  load  on  bearing  to 
the  right  of  Q  =  PT  =  Qsi/(sT  +  si);  also  P\  =  Q  —  PT.  The  journals  an-  tin  -n 
proportioned  for  these  loads.  Diam.  of  axle  at  Q  is  obtained  from  0.1c/3/b  = 
p,5l  =  Prsr,  in  which  /b  =  7,000  to  8,500  Ibs.  per  sq.  in.  for  high-carbon 
4,300  to  5,700  for  low-carbon  steel  and  W.  L,  and  2,800  to  3,500  for  C.  1. 

Axle  carrying  two  loads,  Qr  and  Q\:  Pi  =  [Qi(sr+a)  +<?r*rj/t«r+  a  +  .«,]: 
also,  PT  =  Qr  +  Qi  —  P\.  «r(*i)  =  distance  from  center  of  application  of  Qt(Q\i 
to  center  of  bearing  at  which  PT(P\)  is  the  reaction;  a  =  distance  bet\v«><>M 
Qi  and  Qr.  Diameters  at  points  Qt  and  Q\  are  obtained  from  O.lc/i3/b  —  P(«i 


Belting*  —  Length  of    belt    LI    under     unit    tension  <  =  slack 
LX[l  +  (V  <"/864)].     Ratio  of  tension  /i  in  tight  side  to  tension  /•_•  in 
side  is  expressed  by  (<i  —  te)/(t2  —  /c)  =  ett<x  .  in  which  /c  =  centrifugal  lei 
/u,  =  coefficient  of  friction  between  belt  and  pulley,  ex  =  lesser  arc  of  contact  of 
belt  with  pulley  in  circular  measure,  and  e  =  base  of  Naporian  system  of 
logarithms  =  2.7  1828.     Centrifugal     tension    L-  0.0000034  64  V*      in     wliirh 
V  =  belt  travel  in  ft.  per  min.;  ^  =  0.54  -[1407(500+  V)}.    \VUx-ity  of  sliding 
on     each     pulley  =  v=  (160  +  0.88  F)/(85  +  0.03  V).     Percentage     of     slip=- 
x  =  2QQv/V.    Effective  pull  of  belt  =  p  =  ti-  12.    Furthermore,  e  M  '•*  =  number 
whose  common  logarithm  =  2.729ju.n,  in  which  n  =  lesser  arc  of  contact  ex- 
pressed as  a  fraction  of  the  pulley  circumference  =  oc  (in   degrees)  -: 
Carl  G.  Barth,  A.S.M.E.,  Jan.,  1909. 

Allowable  Belt  Tensions  (C.  Bach).—  For  single  open  leather  belts  (about 
0.2  in.  thick)  of  good  stock,  running  in  an  approximately  horizontal  direction 
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1    iron   pulleys,  with   the  ti;;lit  side  beneath,    the  following   tensions   in 
tnrl,  of  width  may  be  rinployed: 

• Speeds,  ft.  per  min.  

IV,li-vI)i:iin.    D.tm.    000  4000  6000  and 

11 

8  19 

•Js  39  50 

40  :<:<  47  61  »MJ 

SO  36  52  66 

For  double  belts  (0.4  in.  thick)  add  50  to  60%  to  values  in  table  when 
Z»40  ins.,  and  70%  when  D>SO  ins.  When  the  driver  is  smaller  than 
the  driven  pulicy,  take  from  £  to  £  of  the  tabular  values;  for  crossed  belts 
from  70  to  80'  {  ~of  the  tabular  values. 

The  best  conditions  for  driving  with  open  belts  nre  when  the  tops  of  the 
t\vi>  DU  in  the  same  horizontal  plane;  when  the  lower  side  of  the 

belt  is  in  "tension;    when  the  pulley  ratios  are  from  1  :  1  to  2  :  1  (at  most 
5:1);     when  pulley  diam.^.100  Xbelt  thickness;      and  distance  between 
shafts=16  ft.    for   belts  up  to  4  ins.  wide;  =  33  ft.  for  wider  belts. — Ing. 
lienbueh. 

•  /  Belts  are  used  quite  extensively  in  Germany.  They  range  from 
O.oox  to  0.036  in.  in  thickness,  and  are  used  up  to  8  ins.  in  width.  Cross 
section  per  H.P.  transmitted  at  a  speed  of  around  3,000  ft.  per  min.= 
0.00072  sq.  in.  Thickness  of  belt,  according  to  published  information, 
rriay  be  taken  approximately  as  (0.0006  XH.P.) +0.012  in.  A  special  joint 
is  used  and  the  belts  are  made  at  the  factory  to  enough  less  than  the  exact 
length  to  produce  the  proper  initial  tension  when  on  the  pulleys.  The 
pulley  rims  have  cork-faced  canvas  cemented  around  them,  and  this  prac- 
tically eliminates  slip.  The  effect  of  centrifugal  force  is  negligible,  and 
speeds  up  to  10,000  ft.  per  min.  may  be  used.  In  a  100-H.P.  transmi- 
tting 40-in.  pulleys  (r. p.m. » 200),  a  20-in.  leather  belt  can  he  replaced  by 
a  4X0.018-in  steel  belt;  the  cost  is  about  60%  of  that  of  a  leather  belt 
drive  of  the  same  size  (due  t  r>  narrower  and  lighter  pulleys,  etc.),  and  the 
power  lost  in  driving  is  but  0.5%  instead  of  around  6%. 

Friction  Clutches. — Coefficients  of  friction  on  iron:  Cork,  0.35;  leather, 
0.3;  wood,  0.2.  In  large  clutches  for  hoisting,  pile  driving,  etc.,  make  the 
angle  between  the  cone  surface  and  shaft  axis  =  20  to  22°.  Such  clutches 
require  pressure  on  them  constantly  while  working,  but  they  disengage 
promptly,  either  standing  or  running. — C.  W.  Hunt,  Jl.  A.S.M.E.,  Oct.,  '08. 

Magnetic  Clutches. — The  excitation  required  for  a  simple  magnetic 
clutch,  consisting  of  a  thick  disk  with  an  annular  space  machined  out  of 
one  side  for  the  magnetizing  coil,  and  provided  with  a  flat-faced  disk  arma- 
ture of  the  same  diameter,  may  be  calculated  from  the  equation:  Ampere- 
turns  =9, 500,000  LBpYjTP./Ap\/BN(p*+8RB)t  in  which  7,  =  mean 
length  of  the  magnetic  circuit,  //^radial  width  of  the  annular  pole  face 
U-eyond  coil),  Z)  =  diameter  of  central  pole  face  or  hub  of  clutch,  H.P.= 
brake  horsepower  to  be  transmitted,  .4=  mean  sectional  area  of  the  path 
of  the  lines  of  force,  n  =  permeability  of  metal  (say  2,500  for  wrought  iron), 
.V  —  r.p.m.  of  clutch,  and  /?  =  me.an  radius  of  annular  pole  face=  (outside 
diam.  —  B)/2;  all  dimensions  in  inches. — Engineering  Digest,  June,  '08. 

Friction  Gearing.— According  to  W.  F.  M.  Goss  (Jl.  A.S.M.E..  Dec..  '07). 
for  a  sate  working  pressure  of  150  Ibs.  per  inch  of  \ridth  (6)  of  wheels,  the 
H.P.  trans!nitted"=ferfiV/x/840,  in  which  t/=diam.  of  wheel  in  ins.,  .V  = 
r.p.m.,  and  M  =  working  coefficient  of  friction  (60%  of  actual  value)  aa 
given  in  the  following  table: 

DRIVERS.  DRIVEN*  WHEELS. 

Iron.  Aluminum.          Type  Metal. 

Strawboard 0.255  0.273  0.186 

I.-rn-iM-hoard .309 

Wood-pulp  board .330  .318  .300 

Solo  leather  disks .135 

In  disk  drives  the  distance  between  the  face  of  the  driver  and  the  center 
of  the  driven  disk  should  not  be  less  than  126. 
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Involute  fiears  have  practically  displaced  those  of  the  epicycloidal 
form.  Wilfred  Lew,s  (Joint  meeting  Inst.  M.E.  and  A.S.M.E.,  Birming- 
ham, Eng.,  July  27,  '10)  recommends  a  stub  form  of  tooth  having  a  pres- 
sure angle  of  22$°,  an  addendum  of  0.278p*  and  a  dedendum  of  0.3  ISp", 
making  depth  of  tooth  =  0.596p*.  On  p.  49,  ante,  the  angle  75°  mentioned 
is  the  difference  between  90°  and  a  pressure  angle  of  15°.  For  an  angle 
of  22P,  the  pressure  line  should  be  drawn  through  the  point  of  tangency 
of  the  circles  at  an  angle  of  67J°  to  the  line  connecting  the  centers  of  the 
circles,  and  the  base  circles  drawn  tangent  to  this  pressure  line.  The 
teeth  of  racks  for  a  22£°  pressure  angle  have  straight  faces  making  an 
angle  of  67i°  with  the  pitch  line  of  the  rack.  At  the  same  meeting,  J.  D. 
Steven  proposed  an  involute  tooth  with  a  20°  pressure  angle,  an  addendum 
of  0.25p*  and  a  dedendum  of  0.3p".  Teeth  with  these  large  pressure  angles 
will  serve  for  pinions  of  12  teeth  up  to  racks;  they  are  stronger  than  teeth 
of  the  forms  used  at  present,  and  a  large  proportion  of  the  face  of  such  a 
tooth  does  useful  work.  The  flanks  of  involute  teeth  within  the  base  cir- 
cles are  not  working  parts,  and  may  be  either  straight  parallel  faces  filleted 
to  the  root  circles,  or  have  any  other  form  of  surface  (as  a  radial  plane) 
which  does  not  interfere  with  the  faces  of  the  teeth  in  the  intermeshing  gear. 

Herringbone  (Double  Helical)  Gears.  —  End  thrust  in  helical  (or 
spiral)  gearing  may  be  avoided  and  extra-smooth  running  obtained  by 
combining  two  helical  gears  which  are  exactly  equal,  but  whose  teeth  are 
twisted  in  opposite  directions  (right  and  left-handed  helices).  Propor- 
tions- commonly  used:  Width  of  face  of  combined  gears  =  4  Xcircular  pitch; 
angle  of  teeth  of  each  half  of  wheel  with  line  parallel  to  axis  of  shaft  = 
35  ,  making  angle  at  apex  of  joint  of  two  teeth  =  110°;  or,  circumferential 
lead  of  apex  in  advance  of  corresponding  side  of  tooth  at  outer  face™ 
1.4  X  circumferential  pitch. 

Journals.  —  Length  in  ins.  =  Z;  diam.  in  ins.=rf.  l/d=\/02f\t,'p  (1); 
total  load  in  Ibs.  on  bearing  =  P=pld  (2).  In  order  that  bearing  may  not 
heat  it  is  necessary  that  l^JPmN/m  (3).  With  respect  to  strength,  d— 

f^  5PJ//b  (4).  In  these  equations,  for  /b  take  $  of  the  values  for  allow- 
able fiber  stresses  on  p.  163;  and  values  of  p  from  table  at  the  bottom  of 
p.  168.  Pm  is  the  mean  pressure  on  bearing  in  Ibs.,  and  m  should  be  taken  =- 
225,000  for  crank-pins  with  steel  or  bronze  bearings,  both  parts  of  which 
are  equally  cooled  by  the  surrounding  air.  Under  very  good  conditions 
(/  and  p  low,  babbitted  bearings  and  good  lubrication)  m  =  500,000.  For 
engine  flywheel  shafts  where  the  heat  must  be  taken  care  of  by  the  lower 
half  of  the  bearing,  m  =  85,000  to  170,000  for  bronze,  and  170,000  to  250,000 
for  babbittod  bearings.  To  calculate  the  dimensions  of  a  journal,  deter- 
mine ratio  l/d  from  (1),  and  then  I  and  d  from  (2).  If  the  value  of  I  thus 
found  satisfies  (3),  the  calculation  is  complete.  If  not.  settle  on  I  from 
(3)  and  then  determine  d  from  (4).  For  speeds  below  200  r.p.m.  take  /  = 
1.5d  to  2d;  for  higher  speeds  take  l  =  3d  to  4d  (C.  Bach). 

Pivot  (or  Step)  Bearings.  —  Leaving  out  of  consideration  the  oil  grooves. 
which  diminish  the  bearing  surface  some  10  to  20%,  rf=1.13\/P/p;  and 

to  avoid  heating  it  is  necessary  that  d-.-PN  /mousing  the  notation  in  "Jour- 
nals," above).  For  crucible  steel  running  on  hard,  dense  ('.  I.,  as.in  feUMM 
step  bearings,  take  p=  1,250  Ibs.  per  sq.  in.  For  transmission  work,  m«- 
225,000;  for  turbine  bearings,  well  designed  and  with  good  lubrication. 
m  =  700,000.  For  annular  step  bearings,  if  D  and  d  are  respectively  th- 
outer  and  inner  diameters  of  step,  P  =  0.7854  (D2-d2)  p;  also,  D-d  must 


Collar  Bearings.—  D  =  collar  diam.;  d=shaft  diam.;  d.-0.5(D  +  rf) 
and  b  =  0.5(D-rf),  all  in  inches.  Then  P  =  irrfm6zp,  or  bz  —  P/*pd*.  m 
which  z  =  No.  of  collars.  For  air  cooled  bearings,  bz  must  bej!  PN/l  12,000. 
Thickness  of  collar  =  6  to  1.56;  distance  between  collars  —  6  to  2.56.  the 
latter  value  for  hollow  bearing  rin^  with  water  circulation.  It  is  difficult 
to  secure  a  uniform  distribution  of  heavy  pressures  on  the  collars,  and  m 
consequence  p  and  m  are  taken  only  from  30  to  50%'  of  the  values  for  flat 
pivot  bearings.  On  account  of  the  difficulty  of  getting  rid  of  the  heat 
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•ted     il    i-  OUBtOtnaiy,   in   lli«-  case  of  iurbine  step  bearinir-.   ,,,  ,,„.  fl.,( 

or  annulai  pivot  bearings  up  to  diameten  <>f  <>  ins.  or  mon-,  i-.-i.,r.-  r.-.,rtinK 

to  collar  l>c:ii  innH- 

Journal    Hearing    Pressures.       From    tin-  re-nlKs  obtained   by  StnU-ck. 
Lasche,  and  Tower,  \\  .  II.  s.-ott  .  .Ian.,  '<>«.»;  dedui 

lowing  formulas  for  calculating  the  allowable  I  journal  hearing-. 

l)c!o\v    which    then-    is    no   Manner  of   the   bearings   heating   and   seizini.' 
l>ressure  in  ll.s.  persq.  in.  of  projected  area  of  bearing;   -V  ---  r.p.m.  ;  d      diam. 
in  Ins.). 

(«)    When    load    completely    reverses    durinir    each    revolution,    a-    on    the 
main  bearings  of  a  vertical  <l'>ub!e-actinsi  ste-m  enyine,  p  =  75O/'- 

(b)    \\heii    load    oniy    partially    i-  on     the    main    bearings   of    a. 

horizontal  double-acting   steam    engine,    p  =  66Cdi*5/.V  '•  . 

(f)   For  dead  loads  with  ordinary  lubrication,  p  =  4" 

(d)  For  dead  loads  witli  Weed   lubrication.   />      l.O'Kl.vl. 

(e)  For  orank-pinfl   in   vert,    and   hor.   double-acting   steam    engines,  p  = 
1.560Z) 

(/)  For  main  ben  rin-s,)f  4  -cycle,  single-acting  gas  engines,  p=l,300rfi: 
({/)   For  crank-pins  of   -J-eyele.  single-acting  gas  engines,  p=3,OOOdV-Vi- 
These  values  of   /*   are   for  ^un-metal   l>earinns;     if    white-metal   bearings 
are  used,  the  values  may  be  increased  about  20%. 

Knuckle  Joints.  —  Diam.  of  pid  d=diam.  of  rods;  diam.  of  rod  head 
and  fork  ends  =  2<7;  thickness  of  rod  head=1.2rf;  thickness  of  each  fork 
end,  =  0.75^/.  ^'hen  the  pin  fits  loosely,  bending  stresses  must  be 
sidered  in_  calculations,  and  in  this  case  d  (safe)  in  ins.  for  mild  steel  = 
0.0224  i/F,  where  P=pull  in  Ibs.  For  pins  fitting  tightly,  and  taking 
shear  only  into  account,  d  =  0.0146l/  P. 

Shafting.—  Diameter  in    ins.  =  rf-  ^320,700  H.P./Nf^,   in  which    A" 
r.p.m.  and  /tw  is  the  allowable  torsional  stress,   values  of  which  are  to  be 
taken  from  p.  16/5,  having  regard  to  (1)  and  (2)  at  top  of  p.  164.      Gener- 
ally /tw  lies  between  (1)  and  (2)  or  about  i  of  the  tabular  values. 

For  ordinary  cold-rolled  shafting,  t/  =  .r>.7r  H.P./Ar.     Distance  c. 


of  hangers  =  Z=100j/7T  for  shafts  without  pulleys;  ^=110^  for  shafting 
carrying  pulleys.  —  Ing.  Taschenbuch. 

Flexible  Shafts.  —  Steel  wire  rope  can  be  used  to  drive  portable  tools 
in  one  direction  of  rotation.  For  any  given  duty,  d  =  ky  H.P.AV,  in  which 
k  ranges  in  value  from  8  for  ^-in.  ropes  to  11  for  3-in.  ropes. 

Shaft  Collars    (for  preventing  endwise  movement).  —  Internal    d. 
d;   external  diam.  —  1.33d  +0.75  in.;  thickness—  0.15d  +  1.26  ins. 

Critical  Speeds  of  Shafts.  —  The  center  lino  of  a  round  shaft,  when 
rotating,  does  not  coincide  exactly  with  its  axis  of  rotation,  owing  to  the 
weight  of  the  shaft  (and  load),  lack  of  straightness,  vibration,  etc.  Hen.-,. 
centrifugal  forces  due  to  inertia  of  shaft  produce  a  bending  moment  re- 
sulting in  a  deflection,  and  this  in  turn  induces  greater  centrifugal  !"•• 
As  the  speed  increases  the  centrifugal  forces  approach  in  value  to  the 
clastic  forces  resisting  them,  and  the  deflection  and  stress,  unless  prevented, 
will  increase  until  fracture  occurs.  The  speed  at  which  instabifity  M 
i-  called  the  "critical,"  or  "whirling."  speed  V.  1'nder  ordinary  circum- 
stance^  the  -peed  of  the  shaft  should  he  at  least  2O'  ,'  under  A",  as  the  bal- 
nnce  then  need  not  b«-  unusually  good.  If  there  are  two  critical  speeds 
nt  the  sliced  of  minimum  vibr'.tion  between  them.  In  the  following  formu- 
1  -i-  '/  dinm.  of  steel  shaft  in  in-  -imed  to  have  modulus  E  = 

L".).O')!).  O'M;  II"  in  defection  equations  -wt.  of  .-Ir-ft.  or  concentrated  load, 
in  Ibs.;  /  =  length  of  shaft  in  ins.;  6--  deflection  value;  vertical  shafts 
considered  a>  horixoatal;  A'  in  r.p.m. 

For  unloaded  shaft-,    ' 
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Values  of  c. 
Shaft  supported  at  both  ends  ....................    4,760,000 

fix..  I  "    ....................  10,616,740 

fixed  :il  MHO  end  only  .......................    1,695,514 

fixed  at  me  end,  supported  at  the  other  ......    7,021,600 

For  shafts  with  a  single  concentrated  load  W,  N=  187.7-|/77£ 

Values  of  S. 
W  at  dist.  a  from  one  end  and  b  from  other,  both 

supported.*  Wazbz/ZE11. 

W  midway  between  bearings,  both  supported.  W13/48EI. 

W  at  dist.  a  from  one  end,  and  6  from  other,  both 

fixed.*  WaW/ZEn3. 

W  midway  between  bearings,  both  fixed.  W13/192EI. 

\\'  at  <li>t.  (i  from  fixed  end,  and  b  from  supported 

end.  WaWSl  +  b 


IF  midway  between  fixed  end  and  supported  end.       7W13/768EI. 
IF  at  live  en  I  (o\  -erlianging)  distant  /  from  fixed  end.    W13/3EI. 

*  Short  or  swive  ed  bearings,     "f  Long  rigid  bearings. 

For  shafts  with  two  equal  concentrated  loads,  each  W,  AT  =  187.7\/l/3. 
Supported  at  both  ends,  loads  W  dist.  a  from  each 

end  ......................................     «=  TFu2(3Z-4a)/6£7. 

Supported  at  both  ends  and  at  center,  loads  W  at 

i/  from  ends  ..............................     S  =  7  TF/V768£7. 

For  formula*  lor  two  concentrated  loads  of  different  values  at  different 
il  st  uio->3  from  the  ends  of  shafts  supported  at  the  ends,  supported  at  enr's 
an  1  in  the  center,  and  supported  at  one  end  and  at  a  point  near  the  other, 
one  bad  overhanging,  see  paper  by  S.  H.  Weaver,  .11.  A.S.M.E..  June.  H>1<  . 
fro-n  which  the  above  expressions  have  been  obtained.  See  also  Morley's 
"Strength  of  Materials"  (Longmans),  pp.  391-415. 

Piston  Rods.  —  In  large  engines  with  heavy  pistons  and  piston  rods 
running  through  glands  in  both  heads  (as  in  tandem  steam  engines  or  large 
gas  engines)  the  piston  rod  acts  as  a  beam  supported  at  both  ends  and 
c  irrving  a  central  load  (Case  111,  p.  26).  Deflection  /  in  inches  =  /3(TFp  + 
0.625VFr)/4S£/,  in  which  TFP  and  W'r  are  respectively  weights  o«  rist-.n  nrd 
rod,  in  IDS..  E—  modulus  of  elasticity  (  =  30,000,000  forsteel).  and  /  =  mon-en  t 
inertia  of  rod  section  =  irc?4/64  for  solid  circular  rods.  Deflection  /should 
not  exceed  0.08  in.  and  the  diameter  of  the  piston  should  in  consequence 
be  smaller  -than  the  cylinder  bore  by  from  1.5  to  2  times  the  deflection. 

Pulleys  with  Cork  Inserts.  —  Cast  iron  pulleys  with  closely  drilled 
sockets  into  which  cork  pellets  are  compressed  and  then  machined  so  as  to 
le:ive  a  projection  of  the  cork  of  about  fa  in.  above  the  metal,  will,  at  the 
permissible  point  of  2%  slip,  transmit  50%  more  power  than  plain  iron 
pulleys.  Coeff.  of  friction  of  cork  =  0.35,  approx. 

Rope  Drive.—  H.P.=  T(2.46d-  ]  2)/(4,S60-l,  000</),  in  which  H.P.= 
horsepower  transmitted  by  good  3-strand  cotton  ropes  on  pu!leys^.30</  in 
diam..;  d  =  diam.  of  rope  in  ins.:  F  =  rope  velocity  in  ft.  per  mm.  Contact 
arc  assumed  =  1  70°.  —  L.  Kenyon,  in  paper  before  S.  Wales  Inst.  Engrs. 

MISCELLANEOUS    MACHINE   DESIGN. 

Hoisting  Drums.  —  The  efficiency  (17,,)  of  a  hoisting  drum,  winding  cither 
wiic  or  hemp  rope  or  chain,  may  be  taken  as  approx.  O.(.».r>;  the  ethcienev 
(rji)  pi  a  pair  01  gears  and  their  axles  at  o.'.)2,  or.  if  accurately  cut.  running 
in  oil,  and  the  axles  run  in  i  ing-oiled  bearing,  a'  <'•-">..  The*  combine.  1 
efficiency  oi  a  train  of  hoisting  gears  =•  TJ  =  17,,  Vjjt  XTJJ  X  .  .  .ijn-  The  rombinrd 
transmission  ratio  between  the  crank  and  drum  of  a  \smrh  <b  rj/'.t  II  /,' 
in  which  P  =  force  acting  on  crank,  ^l=cr.ink  arm,  IF--  load,  and  tf-=  drum 
rfedim. 

Calculations  for  a  5,  000-^6.  Doublr-drtirnl   Winch.      Drum  diam.~  ! 
(7?  =  7  ins.).     To  be  driven  by  four  men,  two  on  each  of  two  cranks  of 
radius,  each  man  exerting  a  pressure  of  30  Ibs.     From  the  prrcedini: 
unph,  i?  =  0.95X0.92X0.92  -=0.80;    also  $  =  [0.80  X(4  X30)  X16]/(5.000  X") 
=  snv.  1/24.      This  reduction  c.in  bp  efTeclpd  with  two  pair'  of  cnst-iron  rul 
gears  of  ratios  1  :  4  and  1  :  6.     With  10  teeth  on  the  driving  gear  of  the 
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intermediate  shaft,  there  will  be  60  teeth  on  the  drum  gear.  The  circular 
pitch  of  the  teeth  is  found  from  p\=f  2vTm/ckn  (1),  in  which  the  turning 
moment  Ty  =•  5,000  X 7/0.95  =  36,840  in.  Ibs.;  n  =  No.  of  teeth  =  60;  /;=  ratio 
of  width  OI  gear  to  pit (h.  say,  U..r»;  >•  ron-tant  300.  Substituting 
values  in  (1),  pi=  1.72(5  ins.,  *.-iv  1.7.">  m-..  making  pitch  diameters  of  pinion 
and  gear  =  5. 57  ins.  and  33.42  ins.,  respectively.  Turning  moment  to  be 
transmitted  by  the  intermediate  shaft=  Tm  =  (5,000  X7)/(0.95  X 0.92  X 6)  = 
6,667  in. -Ibs.  Taking  c  =  240,  and  A-  =  2,  the  niteh  for  a  1  :4  reduction 
(assuming  driver  of  13  teeth,  and  driven  gear  of  52  teeth)  from  (l)  =  pi™ 
t^(2»X6,rt67)/(240X2X52)  =  1.189  ins.,  sny  1.2  in*.,  making  diameters  of 
pitch  circles  =  4.97  ins.  (13  teeth)  and  19.88  ins.  (52  teeth :.  If  the  gears  are 
mounted  close  to  the  bearings,  the  shaft  diameters  may  be  calculated  to 
withstand  a  (safe)  torsional  stress /tw  of  5,700  Ibs.  persq.  in. 

Belt  Conveyors. — Minimum  diam.  of  driving  pulley  =  0.6667? 4- 8  ins.,  in 
which  J3  =  belt  width  in  ins.  H.P.  required  =  (CTL  +  77/)/l, 000,  in  which 
T  =  load  in  tons  per  hour,  L  =  length  of  conveyor  between  centers,  in  ft., 
//  =  vertical  height  in  ft.  that  material  is  lifted — in  the  case  of  inclined  beJts 
(for  level  conveyors  7/  =  0),  C  =  constant  from  table  below.  For  each 
movable  or  fixed  tripper  add  the  H.P.  given  in  table.  Add  20%  to  the 
total  H.P.  thus  obtained  for  a  conveyor<50  ft.  long  (10%  forL  =  50  to  100 
ft.).  Stress  in  belt  per  inch  of  width— 33,000  XH.P./5B,  in  which  .S  =  belt 
speed  in  ft.  per  min.  No.  of  plies  in  rubber  belt= stress  per  inch  of  width  /20. 

Max.  size  Max.  Capacity  H.P.  No.  of 

Width  of  pieces  speed  at  max.  speed  Value  per  plies 

B,  carried,  ft.  pec  cu.  ft.                  of  trip-  in 

ins.  ins.  mm.  per    hr.                C*  per  belt 

12  2  300  1,380  0.234  0.50  3  to    4 

24  8  400  7,400  0.195  1.75  5  to    7 

36  18  500  21,000  0.157  3.25  6  to  10 

48  24  600  44,400 

*  For  materials  weighing  from  25  to  75  Ibs.  per  cu.  ft.;  for  75  to  125  Ibs. 
per  cu.  ft.,  column  should  read:  0.147,  0.131,  and  0.112. 

Trough  ing  idlers  should  be  spaced  about  (69  —  0.9B)  inches  apart,  and  the 
return  belt  be  carried  on  idlers  spaced  from  8  to  12  ft.  apart. — From  data  in 
a  paper  by  C.  Kemble  Baldwin,  A.S.M.E.,  June,  '08. 

Flight  Conveyors  (Endless  chains  running  in  troughs  and  carrying 
scrapers  or  flights  at  intervals). — These  conveyors  have  sliding  shoes  or 
rollers  attached  to  the  chain  or  flights  to  reduce  friction;  the  flights  do  not 
touch  the  trough  bottom  or  sides.  The  following  table  gives  capacities  of 
horizontal  flight  conveyors  in  tons  of  coal  (2,000  Ibs.)  at  a  speed  of  100  ft. 
per  min.: 

Flight,  <~ Spacing — >          Lbs.  per 

size,  ins.  16  ins.  18  ins.  24  ins.  Flight 

4x10  33.75  30  22.5  15 

5x12  51.75  46  34.5 

6x18  80  60  40 

8x20  105  70 

10x24  172.5  115 

Inclined  Conveyors.  For  10°  inclination  take  ^4%  of  above  weights; 
for  20°  inclination.  67 r; .  and  for  30°  inclination.  -r>j 

H.P.  for  handling  anthracite  (neglecting  gearing  and  other  driving  con- 
meet  ions)  =  (A TL  -  BWX) /1 .000,  in  which  r  =  tons  (2,000  Ibs.)  per  hour; 
L -=  length  c.  to  c.  of  conveyor  pulleys  in  feet;  W  =  weight  of  chain  and 
flights  (both  runs)  in  Ibs.,  and  S=  speed  in  ft.  per  min.  .4  and  B  as  follows: 

Hor.  10°  20°  30°  45° 

A  0.343  0.50  0.66  0.79  0  945 

B  0.01  0.01  0.00'.)  0.009  0.007 

Speeds  range  from  100  to  200  ft.  per  min.;  rapacities  up  to  500  tons  per 
hour. — From  data  in  paper  by  S.  B.  Peek.  ^  S  M  I '..,  June,  '08. 

Spiral  Conveyors. — Capacities  in  cu.  ft.  material  conveyed  per  hour  at 

..m.: 

I  >i:im..  ins.                                     6                          10  14                               I  ^ 

Capacity 260                   1,000  2,500                   5,000 
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H.P.  =  (7L.?r/33,000,  in  which  C  =  capncity  in  Ibs.  per  min.;  L  =  length  of 
conveyor  in  ft.,  and  A*  =  0.67  for  coal,  0.33  for  grain,  and  1.00  for  ashes  — 
S.  B.  Peck. 

Power  Hammers  may  be  tested  by  the  compression  of  lead  cylinders. 
Using  H  XH-in.  cylinders,  inch-lbs.  of  energy  of  blow  =  E=  (10,800  C-870)/ 
(1.55  — C),  in  which  C'  =  amount  of  compression  in  inches;  E  =  wt.  in  Ibs.  X 
drop  in  in*.  This  formula  closely  approximates  the  values  given  by  W.  T. 

Sears  in  Am.  Mach.,  Mar.  10,  1910,  when  striking  vc!ocities£^10  ft.  per  sec. 

Power  Presses  may  also  be  tested  with  lead  cylinders.     For  l}X!Hn. 
cylinders,  and  a  speed  of  compression  of  0.00007  ft.  per  sec. 
For  compression  in  ins.  of  0.46  0.8  1.07  1   21  1   26 

E  in  inch-lbs.  =  2,000         5,000          10,000          15,000          20,000 

HEAT   AND   THE   STEAM   ENGINE. 

Heat  Insulators. — The  coefficients  in  the  following  table  were  determined 
by  W.  Nuaselt,  published  in  Z.  V.  D.  /.,  June  16,  '08,  and  transformed  by 
the  author  into  English  measures  in  Eng.  Digest,  Aug.,  '08.  B.  T.  U.  con- 
ducted per  hour  per  deg.  F.  difference  of  tempera ture  =  area  of  surface  in 
sq.  ft.  Xcoefficient  K  (from  table)  -5- thickness  of  insulation  in  ins. 
Lbs.  per 

cu.  ft.                 -Material                                                     32°  212°  392° 

10.         Cork,  granulated 250  .387  .443 

8.5  Wool 266  .403 

6.3       Silk  waste 306  .411 

5.06  Cotton  wool 379  .476 

11 .86     Carbonized  cabbage  leaves 403  .508 

21.85     Infusorial  earth  (loose),  or  kieselguhr.  .        .419  .532  .596 

35.96     Asbestos 1.048         1.346         1.451 

(1.5  at  573°;    1.644  at  1162°). 

Sawdust,  0.443  at  112°  F.;  kieselguhr,  dry  and  compacted,  0.669  at  302°  F.; 
0.991  at  662°;  blast-furnace  slag  cement  (9  slag;  1  cement),  1.532  at  112°  F.; 
Portland  cement,  neat,  6.287  at  95°  F. 

Dr.  H.  Groebec  has  continued   Nusselt's   researches  on  heat   insulators, 
and  has  also  investigated  building  materials  and  asbestos  at  low  temperatures 
Some  of  his  values  (from  Z.  V.  D.  I.,  Aug.  6,  1910)  are  given  herewith: 
Size  of  Lbs.  per 

grain  cu.  it.  Values  of  K 

Cork,  granulated 0.12  to  0.2  in.          5.31     0.403(140°);  0.339(68°) 

Expansit1 0.04  to  0.08  in.       2.97     0.250(212°);  0.234(68°) 

Patentgurit2 .  35-43     0.709(392°);  0.580(212°) 

1Granulated   cork   expanded   by   special  heat   treatment.     Preparation 
mixed  to  a  paste  with  water  and  applied  to  pipes  in  successive  thin  coats. 
Lbe.  per  Values  of  K 

cu.  ft.      32°      —58°     —148°     —238°     —328°  F. 

Asbestos 43.84     1.63       1.57        1.53          1.47  1.09 

Asbestos 29.35     1.07      1.03        0.95         0.83  0.56 

In  a  British  Association  paper  (1910),  Frederic  Bacon  gave  results  of 
similar  experiments,  using  electric  heating  devices,  as  follows,  for  temper- 
tures  between  122°  and  167°  F.: 

K 

Yellow  pine  across  grain 

Teak  across  grain 1 . 854 

Slag  wool i'  :>'.! 

Asbestos,  sheet  i  in 2.015 

Asbestos,  millboard,  fin 1 . 13  to  0 . 81 

For  still  air  Clerk  Maxwell  and  Winkt-lmann  h:ive  shown  that  /C*=0.16; 
expansit  at  0,234,  as  given  above,  is  thus  HCHMI  to  be  a  remarkably  efficient 
i  nsulator. 

Formulas  for  Saturated  and  Superheated  Steam. 

Total  Heat  of  Saturated  Steam  =  H(in  B.  T.  I',  por  »>.)- 1,150.3  +  0.3745 
^-212)-0.00055(/-212)2,  in  which  <  =  degs.  K.  This  formula  is  used  in 
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1'eabody'n  tnbles,   ami   \\  MS  den\ed   by    I  >r.    II  'mm    tin-  l:tte   re- 

searches   <>f    Grindley,   Grieasmann,   IVake  ami   Knoblauch   I.M.    v.sMi:.. 
Dee.,  '08). 

Specific     Volume     of  /     ,S>am=  V.»P-  F(l+ 0.00 10 '.„,,,),     '" 

which   c      specific  volume  of  >:il  unite.  1  >team  :it  the  satin-; 

No.   Of   dogs.    V.    of   superheat    (W.    .1 .    ftoudfe,    /'.»'/'/..    July    1.    I'.MMj. 

formula  give*  valuM  u  ithin   1 '  ,'    for  the  ent  ire  i-mire  ot   pre--pn-i  :.  ml  -uper- 

heats   dealt  with    in   the    new   steam    tables   of   Pcabody   and   of   Marl 

Davis. 

The  following  empirical  formulas  give  values  within  the  limits  >tated  which 
are  uell  within   1'  I  of  those  to  l>e  iound  in  the  new  steam  table*. 

TEMPERATURE-PRESSURE  RELATIONS  OF  SATURATED  STEAM. 
32°  to    80°  F.  (0.08  Ib.  to      0.5  11>.  abs.) :   p=  (0.:«<-2.f>3)    < 1 27-t). 
80°  to  120°  F.  (  0.5  Ib.  to    l.Tlbs.  abe.):  p  r8-/)! 

120°  to  160°  F.  (   1.7  Ibs.  to    4.7  Ibs.  al.s. ):    /i-=  (:<.S5<-27.  -<)- 

160°  to  240°  F.  (G  Ibs.  to  25  Ibs.  aba.):    Log  p  =  4.1374  lo*  f-S.  1 
240°  to  417°  F.  (25  Ibs.  to  300  Ibs.  al.s.):    l.nV  />     l.lsi;:;  },,<j  /       • 

Heat  of  the  Liquid  (h  or  q).     From  40°  to  200°  F., 
to  400°  F.,  A  =  *-[(22(215-3S.40/(665-/)]. 

Specific  Volume  of  Saturated  Hlcnm  (y  or  «)•     Log  v=2.52:{ -o.'.M  log  p, 
in  which  p  =  ubs.  pressure  in  Ibs.  per  sq.  in. 

Heat  of  Vaporization  (L  or  r).     L=  (1,465,000  —  1,7000/C  1.3. V. 
e?,ch  degree  below  80°  F.,  however,  it  is  necessary  to  add  0.06  to  the  result 
obtained  from  the  formula. 

Entropy.     <t>w  (or  0)  =  «-32)/(0.43<  +  482.5). 

<k  =  L/T(or  r/r)  =  (  1,330  -t)/(t  +  563). 
*5  +  0w=(0.86<  +  778)/(/  +  346). 

Entropy  of    Superheated    Stenm.      0s,lp-=</'»af  +  [(  10.6  +  1.1  /.up. )/( ',up-   + 
1,780^)],  in  which /3up.  =  degs.  F.  of  superheat  and  ^aup.  =  entropy  from  water  at 

Steam  Engine  Design. — The  following  nre  rational-empirical  formulas 
derived  by  O.  1.  Trooirn,  in  ]!»07,  from  data  on  a  large  number  of  enj/  : 
different  types  varying  in  size  from  20  to  400  H.P.      A\er:igi>  resu 
.given   (see  Eng.  Difjest,   April,   '09).      £>  =  piston    diam.;     A  =  pi>ton   aie:i; 
I/=length   of  stroke;     p=125  Ibs.    per  sq.    in.,    gage    pressure:     A"  =r.p.m.; 
d  and  1  =  diameter  and  length  of  unit  under  consideration.     All  dimensions 
in  inch  measure. 

Piston  Rod.     d=Q.15\/DL,  or  0.114i/ l)L  for  low-speed  engines. 

Cylinder.     Thickness  of  wall  in  ins.  =  0.054Z>  +  0.28;   clearance:   high 
5  to  11<7C ;    Corliss,  2  to  5%. 

Stroke-*- Diameter^  1.07  when  N>200;  =1.36  when  AT=110  to    200;  = 
1.63.  when  A^<110. 

Piston  Facc=0.32D  +  l(or  0.26D  +  1  for  Corliss). 

Crosshend  Shoes.     Area  =  0.53.4. 

Crosshead  Pin.     d=0.25Z>;   1=  1.25d  (high  speed)  =  1.43d  (Corliss). 

Connecting  Rods.     Breadth  of  rectangular  section  rod  =  6  = 
height=2.286  (high  speed).     Diam.  of  circular  rod  for  low-speed  engine  = 
0.092y7>iD,  in  which  7<i  =  length  c.  to  c.  of  bearings. 

Grant;  Pin.     For  high-speed  center  crank,  d  =  OAD;    l  =  0.87d.     For  side- 
orank  Corliss,  d=0.27D;  1=  1.14d. 

Main  Journals.     For  high-speed  center-crank  engines,  d 
For  Corliss  engines,  d=7.2f/H.P.AV-2.16. 

The  foregoing  formulas  should  be  compared  with  the  similar  ones  of  an 
earlier  date,  on  p.  74. 

Shaft  (or  Flywheel)  Governor. — Let  z  =  distance  in  feet  from  center  of 
gravity  of  weight  to  center  of  pin  around  which  the  weight  mm- 
distance  in  feet  from  center  of  pin  to  point  of  attachment  of  sprintr  t<>  weight. 
Then,  pull  PI  on  spring  due  to  the  centrifugal  force  of  weight  H"  (.Ibs.)  when 
governor  revolves  at  Ni  revs,  per  min.  =  0. 00034  U'/iWi-'j  n,  in  which 
7?i  =  distance  in  feet  from  center  of  shaft  to  c.  of  g.  of  weiirht  when  running 
at  A"i;also.  at  A'-j  r.p.m.,  P2  =  0.00(m  H7i'j.V.->  an.  I.et  L  ----  length  of  spring 
in  ms.  when  closed  (i.e.,  when  r.p.m.  =  0>:  I.\  when  r.n.ni.  =  A'i,  and  L? 
when  r.p.'M.-=  A'2.  Then,  extension  of  spring  ut  speed  A"i  5  =  1.L-L^ 
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1'ioperlies  of  Saturated  Steam.* 


l>re>. 
abs., 
in  Ibs. 
P 

Ten,,,. 

decs.  l-\ 

t 

SP.  \ol. 
en.  ft./lb. 

»(«) 

Density 

Ibs./cu.  it. 

to(l/«) 

lit.  of 

Liquid 
h(q) 

H,.,,, 
Vapori- 
zation 
L(r) 

Entropy 

Water 
*.(*) 

Kvap. 
*.(r/r) 

.0886 

32 

3308 

.000302 

0. 

1071.7 

.0000 

2.  1804 

.1217 

40 

2446 

.000409 

8.1 

1067.6 

.0163 

2    1373 

.2561 

60 

1207 

.000828 

28.1 

1057 

J   ii..;  i: 

.5056 
.6960 

80 
90 

634 
469.2 

.001577 
.002131 

48.1 
58.1 

1046.5 
1041.2 

.1117 

.8948 

1 

101.84 

333  .  1 

.00300 

*69.8 

1034.7 

.  132'.i 

2 

126.15 

173.1 

.00578 

I  <  '21  .'.» 

.17.->3 

7432 

4 

153 

90.4 

.01106 

121 

1005.5 

.22'  HI 

.6416 

6 

170.07 

61.9 

.01616 

138.1 

995.5 

.2476 

.  .')s!J 

8 

182.86 

47.26 

.02116 

150.9 

'.is7    s 

..''17s 

10 

193.21 

38.37 

.02606 

161.3 

981.4 

.5036 

12 

201.95 

32.40 

.03088 

170.1 

976 

.2972 

.4756 

14.7 

212 

26.78 

.03734 

180.3 

969.7 

.3125 

.4441 

15 
20 

213.03 
227.95 

2f,  .  2s- 
20.09 

.03805 
.04978 

181.3 
1<>6.4 

969.1 
959.4 

.3140 
3362 

!4409 

.  3<.).r>7 

25 

240.07 

16.29 

.0614 

208.7 

951.4 

.3539 

3600 

30 

250.34 

13  .  74 

.0728 

219.1 

944.4 

.30x7 

3305 

35 

259  .  29 

11.88 

.(IS12 

228.2 

938.2 

.3816 

.3054 

40 

267  .  26 

10.49 

.0953 

236.4 

932  6 

.3927 

2888 

45 
50 
55 

274.46 
281.03 
287.09 

9.387 
8.507 
7.778 

.1065 
.1176 
.1286 

243.7 
250.4 
256.6 

927.5 

'.122    s 
918.4 

.4027 
.4119 
.4202 

2638 

2462 

.2302 

60 

292.74 

7.166 

.1395 

262.4 

914.3 

.4'>7<) 

.2154 

65 

298 

6.647 

.1504 

267.8 

910.4 

.43.->l 

.2018 

70 

302.96 

6.199 

.1613 

272.9 

906.6 

.4418 

.1892 

75 

307.64 

5.807 

.1722 

277.7 

903.1 

.4480 

!l772 

80 

312.08 

5.466 

.  1829 

282.2 

899.8 

.4540 

1661 

85 

316.30 

5.161 

.  1938 

286.5 

896.6 

.4595 

.1557 

90 

320.32 

4.886 

.2047 

290.7 

893.5 

.4649 

.1457 

95 

324.16 

4.644 

.2153 

294.6 

890.5 

.4699 

.1363 

100 

.327.86 

4.432 

.2256 

298.5 

887.6 

.4748 

.1273 

105 

331.42 

4.233 

.2362 

302.1 

884.8 

.4794 

.1187 

110 

334.83 

4.047 

.2471 

305.6 

882.1 

.4838 

.1105 

115 

338.14 

3.876 

.2580 

309 

879.5 

.4881 

1026 

120 

341.31 

3.723 

.2686 

312.3 

876.9 

.4922 

.0951 

125 

344  39 

3.581 

.2793 

315.5 

874.5 

.4962 

.0878 

130 

347.38 

3.451 

.2898 

318.6 

872.1 

.  5000 

.0808 

135 

350  .  27 

3.331 

.3002 

321.5 

869.8 

.5037 

.0741 

140 

353.09 

3.220 

.3106 

324.4 

867.4 

.5073 

0675 

145 

3  r,,-,.  S3 

3.115 

.3210 

327.3 

865.2 

.5108 

.0612 

150 

358.50 

3.014 

.3318 

330 

863 

.5142 

.0551 

155 

361.09 

2.922 

.3422 

332.7 

860.9 

.5175 

0491 

160 

363  .  62 

2.834 

.3528 

335.3 

s.-,x  .  S 

.  5206 

.0434 

165 

366.09 

2.751 

.3635 

337.'.) 

856.8 

0378 

170 

368.50 

2.673 

.3741 

340.4 

854.8 

.  r>2<>S 

.0324 

175 

370  .  86 

2.600 

.3846 

852.8 

.5297 

.0270 

180 

373.16 

2.531 

.3951 

345  !2 

B5o!g 

.0219 

190 

377.61 

2.405 

.  4  I  :>s 

349.8 

S17.  1 

.5381 

.0121 

200 

381.89 

2.288 

.4371 

354.7 

843.5 

.5434 

.0025 

210 

386.02 

2.184 

sin 

..Ms.-, 

.9935 

220 

389  1  98 

2.088 

.  17s-» 

3(12.7 

830.6 

.9848 

230 

393.80 

2!  ooi 

.4!M.»7 

3»;r,  i; 

833.3 

.5580 

.9765 

240 

397.50 

1.921 

.521 

870  :> 

830   1 

.5625 

.9686 

_'.V  i 

401  .  10 

1.845 

.542 

826.9 

.9609 

275 

409  .  57 

1.681 

xl.,    .-, 

.5771 

.'.'»_" 

300 

417.45 

1.542       .649 

812.4 

'.  •_''•.! 

325 

424  .  83 

1.424   i    .702 

399 

.'.Mil 

*The  values  in  this  table  h:iv.  :i.  bv  permission,  from 

lition  (1909)  of  "Tables  of  th.  of  Steam  an.l  Oth.-r  Vapors  " 
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64Wnr3/CW4.  in  which  n«=No.  of  free  roils  in  the  helical  «tcel  spring 
7-^=  mean  radius  of  coil  in  ins.,  and'/     d:  - 
ire,    in   ins.     d=*f\Vr/K,   ii 


(Kiviii"  <>rn  60,000  to  HO. 

for  Square  win-  Stresses  from  «K),(»(U)  t,,    |< 

to  12,000,000  for  round  wire,  and  13,000,000  to  17,000,000  for  8 

Double-seated  Drop  Valves  for  Steam  Engines.  —  T 

the  outer  -'-.it  ot   !  ir:,-«'  r  diameler  !</i  ;  than  the 

however,  is  of  a  :-i>ec-rd  eon-t  ruction,  am:  -  -  older  for  • 

of  reducing  the  spring  force  n  •-'.     Takm»/ 

mean  diam.  and  allowing  for  ribs,  central  liui.,  el 

flow=/=0.65    (to   0.85)  X»<P/4,    for   small    and    large    valves 

diameters  should  be  proportioned  to  allow  a  velocity  of  flow  «.; 

or  superheated  steam  of  from  8,000  to  12,000  ft.  per  min.  for  inlet  valves, 

and  a  velocity  from  25  to  50%  higher  for  exhaust  valves. 

Lift  h  in  ins.—  0.5//(irrf  —  6),  in  which  6  =  sum  of  the  thicknesses  of  nil  tho 
ribs  in  a  valve.  \  ingle,  about  30°;  width  of  seat,  from  0. 

0.2  in.—  Freytag's  "Hilfsbuch. 

Steam  Pipes.  —  For  short  runs  (30  to  60  ft.)  from  boiler  to  engine,  or 
engine  to  condenser,  area  of  pipe  a  =  0.00915.1c,  in  which  A  =area  of  piston 
and  c--—  piston  speed  in  ft.  per  sec.  (when  separator  is  small).  When  the 
separator  has  a  volumer^_30  times  the  volume  of  steam  used  per  stroke, 
a=0.0061Ac.  According"  to  Weiss  (Ing.  Taschenbuch),  for  short  runs, 
diam.  of  pipe  d  (in  ins.)  =  26'°-4,  in  which  C?  =  lbs.  of  steam  flowing  per  ruin. 
For  long  mains,  di  =  [l  +  (J/1968)]d,  in  which  J  =  dL«tance  in  feet  from 
engine  to  condenser. 

Pressure  Drop  of  Steam  Flowing  in  Pipe*.  Pressure  drop  i;i 
in.  =  p  =  222.2GrLi>2/(Z>2X108),  jn  which  G'  =  density  of  steam  i-i  Ib*.  jx-'r 
cu.  ft.  at  the  pressure  in  the  pipe,  L  =  length  of  pipe  in  ft.,  v~  velocity  of 
flow  in  ft.  per  sec.,  and  Z>  =  diam.  of  pipe  in  ft.  For  each  valve  in  a  pipe 
line  add  53.8  ft.  to  the  length  of  pipe  L  used  in  formula.  —  (  Eberle, 
Z.V.D.I.,  1908. 

Minimum  Steam  Consumption  in  Engines  —  Locomobiles.  —  By  far 

the  highest  steam  economy  is  obtained  by  the  use  of  the  Wolf  and  Lanz 
portable  engines,  made  in  Germany  and  known  as  "locomobiles."  These 
consist  of  engines  mounted  on  internally-fired  tabular  boilers  with  short 
steam  connections  ami  built-in  superheaters.  A  130  B.H.P.  Lunz  compound 
condensing  locomobile  tested  in  1907  gave  a  B.H.P.-hour  per  10. 
and  1.21  Ib3.  coal;  gage  pressure,  188  Ibs.;  superheat,  210  F.  A  lo.st  made 
Oct.  22,  '09,  shows  marked  improvement,  —  1  B.H.P.-hour  beii  u  obtained 
from  7.41  Ibs.  stea-n  and  0.81  Ib.  coal.  A  simple  condensing  engine  of  90  H.P. 
tested  Dec.  22,  '09.  by  Prof.  Griessmann  gave  1  B.H.P.-hour  per  10.25  Ibs. 
steam  and  1.1  Ibs.  coal.  These  engines  have  double-seated  poppet  valves 
controlled  by  a  Lentz  valve  motion.  A  138-B.H.P.  Wolf  compound  con- 
densing locomobile,  with  piston  valves  (steam  temperature  806°  F.)  is  re- 
ported to  have  required  but  7.06  Ibs.  of  steam  and  0.788  Ib.  coal  per  B.H.P.- 
hour  in  a  6-hour  test,  made  Jan.  21,  '10,  at  Magdeburg,  Germany.  These 
engines  are  made  up  to  1,000  H.P.  in  capacity. 

Entropy,  A  Physical  Conception  of.  —  The  maximum  work  done  by  a 
heat  engine  working  with  a  quantity  of  heat  H  between  the  absolute  tempera- 
tures T  and  TO,  is,  according  to  the  Carnot  cycle,  H(T-TO)/T;  the  minimum 
amount  of  heat  rejected  is  W=H  -[//(T-TO)/T]  =  //TO/T.  or  W/T0=H/r. 
But  H/T  is  the  mathematical  expression  called  entropy,  and,  being  equiva- 
lent numerically  to  TF/T0,  the  following  definition  is  possible:  Entropv  is 
(equivalent  to)  the  minimum  unavoidable  waste  per  degree  of  the  absolute 
temperature  at  which  all  of  the  waste  in  the  conversion  of  heat  into  work, 

by  Cecil  H.  Peabody  (New  York:  John  Wiley  Their  computation 

is  based  on  recent  redeterminations  of  tin;  properties  of  steam  by  new, 
refined,  and  highly  accurate  methods.  Absolute  temperature  T  is  taken 
equal  to  t  +  459.5°  F.  The  old  table  on  p.  60  has  been  retained  for  purpose* 
of  comparison  and  reference. 
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whether  heat  external  to  t'.ie  working  substance  or  contained  within  it  as 
intrinsic-  energy,  may  be  rejected  by  the  working  substance. 

lllnxtrutnin.  I- in"  I  t.ie  inaxiii. 111:1  t  hermodynamic  efficiency  possil.l.-, 
usin^  dry  steam  at  150  \\^.  abs.  evaporated  horn  the  hot-well  tempciaturu 
and  exhausted  against  a  pressure  of  L'  II. 

Temperature  at  2  Ibs.  a!-*,  pressure  =  120.3°  F.  (  =  585.8°  abs.);  entropy 
from  water  at  11MJ..T  F.  to  dry  steam  at  l.~>()  Ibs.  :ibs.=*  1.3916;  heat.  required 
from  wnter  :\\  12f>.:<°  F.  to  dry  steam  at  150  Ibs.  abs.  =  1, ()<»«). '.»  H.T.l". 
Minimum  waste  ix>ssible  =  entropy  Xexhaust  temperature  (abs.)  — 1.3916  X 
585.8  =  815.2  B.T.r.;  total  maximum  work  per  Ib.  of  steam  =  1,096.9 — 
815.2  =  281.7  B.T.U.;  maximum  efficiency  possible=>281. 7/1,096.9— 
25.7%;  minimum  possible  steam  consumption  per  H.P.-hour  under  the 
conditions— 2,645  i>1.7--0.04  Ibs.  (2,545  =  B.T.U  per  H.P.-hour).—  \.  I.. 
Menziu,  EIKJ.  AYirs  Sept.  1,  '10. 

Heat  Transmission  in  Steam  Boilers. — B.T.U.  transmitted  j>er  hour 
fnmi  gas.  to  water  or  steam  per  sq.ft.  of  Hue  surface  =  Q  =  [0.005$  -HO.Oi'.'.u  r 
y<f»  (1  +  l/m)](T-0,  in  which  <£  =  i  X  (gas  temp.  T  +  steam  or  water  temp.Oj 
v  =  speed  of  gas  in  ft.  permin.;  m  =  hydraulic  mean  depth  of  flue  =J  Xinternal 
diam.  in  ins.;  u?=lbs.  gas  per  cu.  ft.  Example:  T=  1,200°  F.,  *=400°  F.;  t>— 
200;  rf=36  ins.,  and  m  =  9;  u-  =  0.02.  Then  A  =  800°  F.,  and  Q  from  formula 
=  5,712  B.T.U. — J.  T.  Nicolson,  in  paper  before  the  Junior  Inst.  of  Engrs., 
Jan.  14,  '09. 

Calorific  Values  of  Coal  from  Proximate  Analyses. — From  govern- 
ment tests  on  240  different  coals  of  all  classes,  Prof.  Lionel  S.  Marks  has 
found  that  the  hydrogen  content  H  (in  per  cent.)  is  as  follows: 
For  t=10         12  16  20  24  28  32  36  40 

//=   3.8      4  4.35       4.65       4.9         5.08       5.17       5.27       5.36 

For  F  =  44        48  52  56  60  64  68  70 

#=   5.4      5.44       5.46       5.48       5.52       5.54       5.58       5.6 
V  is  the  percentage  of  volatile  matter  in  the  combustible  and  is  obtained 
fcom  the  proximate  analysis. 

Calorific  Values  of  Petroleum  Oils. — For  a  wide  range  of  oils  (crude 
0:1  to  gasoline)  from  the  principal  fields  of  the  United  States,  B.T.U.  per 
Ib.  =  hs.2504-40/?,  in  which  #  =  No.  of  degrees  on  the  Beaume  hydrometer. — 
H.  ('.  Sherman  and  A.  H.  Kropff,  Jl  Am.  Ch«m.  Soc.,  Oct.,  '08.  According 
to  R.  W.  Fenn  (Enfj.  News,  May  13,  '08),  the  following  formulas  give  the 
calorific  values  of  California  fuel  oils  to  a  high  degree  of  accuracy:  B.T.U. 
per  Ib.  =  17, 780  +  60 R,  and  B.T.T.=  18,150  +  50#,  the  first  for  specific 
gravities  up  to  37°B,  and  the  second  for  sp.  g.  from  37°  to  45°Z?. 

CO2  in  Furnace  Gases. — According  to  F.  Fischer  (Ing.  Taschenbuch), 
the  combustion  gases  in  a  properly  designed  furnace  should  contain  from 
10  to  12%  of  CO2.  or  better,  13  to  15%  of  CO2  and  no  CO;  the  larger  the 
percentage  of  CO2  without  the  presence  of  CO  and  O,  the  better  the  firing 
and  the  lower  the  temperature  of  the  gases  in  the  uptake  (with  natural 
draft  from  480°  to  580°  F.)  the  higher  the  efficiency  of  the  plant.  The  heat 
loss  due  to  incomplete  combustion  in  percent.  (approx.)  =  (Stack  temp, 
in  degs.  F. — 32°)/2.7  X%CO2.  Example. — Temp,  in  stack  =  464°  F.;  per 
cent  CO2=12.  The  loss=  (464-32)/(2.7  X12)  =  13.3%. 

Cooling  Towers. — Where  water  for  condensing  purposes  is  expen 
cooling  towers  are  employed  so  that  the  water  can  be  used  over  and  over 
again,  less  evaporation.  In  such  towers  the  condensing  water  is  delivered 
to  a  trough  some  30  ft.  above  ground  level  and  then  allowed  to  trinkle 
slowly  down  over  rough  unplaned  boards,  tiles,  or  other  means  for  spreading 
out  the  water  into  thin  films  for  a  maximum  surface  contact  with  the  air. 
Kither  natural  or  fan  draft  is  used.  About  1  sti.  ft.  of  ground  area  i.->  re- 
quired for  each  60  gals.  (500  Ibs.)  of  water  cooled  per  hour.  Fans,  if  used, 
require,  about  2%  of  the  total  engine  power.  One  Ib.  of  air  will  absorb 
5%  or  more  of  its  weight  in  wnter  according  to  its  drynes?.  With  an 
efficiency  of  75%  each  Ib.  of  steam  condensed  require?  195  cu.  ft.  of  air 
to  cool  the  circulating  wnter.  Assuming  26  Ib*.  Ftenm  condensed  per  hour 
per  H.P.,  it  will  be  necessary  to  furnish  85  cu.  ft.  of  nir  per  min.  per  H.P. 

Safety  Valves. — A  formula  that   t-ike-;  account  <;f  th,>  l!ft  of  the  \ 
and  hence  is  more  reliable  than  the  various  statute  rules    is:    Diam.  in 
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in-.      ('I-'.    I.I'    iii  which  /"    -Ibs.  steal.  i  di-chari;.-!  per  hour;    7,      lift  of  valve 
:     /'      absol  ;.  re-Mi  re   in   Ibs.    per  so,.    in.       F->r    ! 

0006;  for  flat  seats,  C     0.0007.     P.  G.  Darling,  Jl.  AJ3.MJE 


.  For  (  ireen'fl  «-eonomi/er>.  with  sr-nipiTs,  s.|.  ft.  of  heating 
surface  required  /,  •«;•(/!  -  ?o)/(7'i  4-  7*2  —  /i  —  /o).  in  winch  </•  li.s.  water  to 
!><•  heated  p.-r  hour  1'ioni  /u  lo  t\.  the  chimney  JIMM-S  being  cooled  from  7'a  to 
7'i;  /.-  =  0.65  to  O.'.'N.  'I'l-inpci.-itui.  -ible  by  the. 

to  heat  watc-r  up  tj  I'IMIM  JUi1  to  1MO     1-  .      f  Ing.  Taschenbu  -h  . 

A  utomobile  Engine  Proportions.  —  Tin-  following  data  an-  from  a  series 
of  articles  by  A.  (i.  J\i  •--!«  -i  ami  <•.  \\'.  I.»-wi.;  in  Am.  Mm-f,..  ><  •)•'•  \~>.  'JO, 
and  later.  They  represent  the  average  practice  of  thirty  American  makers 
of  4-Cycle  engines. 

Rating  of  4-cycle  type.  A.T..A.M.  formula  B.H.P.  =  rf2n/2.5  in  which 
rf  =  cyl.  diam.  in  ins.  and  n—  No.  of  cylinders;  average  of  5  American  and 
foreign  formulas—  <Pn/2.4.  Fonnulu  'based  on  piston  speed  of  1,000  ft. 
per  min 

\\'.i,]ht  of  engine  in  lhs.=-  (11.55  XB.H.P.)  +  114. 

Length  of  stroke  in  ins.  =  1.43d-  1.62. 

Connecting  ro>i  length  =  4.35Xcra.nk  length. 

Piston  Ien(/th  =  l.l4d;  thickness  of  piston  face  =  0.044rf;  piston  webs 
J  to  ^  in.  thick;  piston  barrel  thickness,  |  to  &  in.  \Vt.  of  piston  in  Ibs.  = 
2.06d-4.i:<. 

Piston  rings:  Outside  diam.  of  finished  blank  from  which  rings  are  cut  = 
1.04d;  width  of  rings  =  V  in.;  max.  tbicknera-  0.04d+0.01  in.;  ruin,  thick- 
ness =0.637  Xmax.  thickness;  depth  of  grooves  =  (0.75  Xmajc.  thickness) 
+  0.0875  in. 

Piston  clearance  at  closed  end  =  0.00174d;    at  open  end  =  p.00k?. 

Wrist  pins  (hollow):  Outside  diam.  =  ().:i4<7-  0.  ">.',;  inside  diam.= 
0.572  Xoutside  diar-i.  Overall  length  =  0.9.v/;  diam.  of  boss  (outside)  = 
(1.2Xoutside  c'iam.  of  pin)+0.2o  in.;  weight  of  pin,  Ibs.  =  0.276d-  0.65. 
Wri^t  pin  bearing  length  =  2.25  Xdiam.  of  pin. 

Connecting  rods  (H-section).  Thickness  of  web  and  flanges  at  joint  to 
\veb=  f^  in.;  thickness  of  flanges  at  edges  =  £  in.,  for  all  sixes.  Area  of 
least  section  (near  piston  pin  end)  in  sq.  in.  =  0.  (>_'>/-'.  Width  of  flange= 
0.036d2  —  0.13.  Depth  of  web  out  to  out  of  flanges  at  piston  pin  end  = 
A  =  1.3Xflange  width.  Depth  at  crank  pin  end  /u  =  M3.3  -0.4Z)  in  which 
1  =  length  of  stroke  in  ins.  Connecting  rod  length  =  2.  175/;  wt.  of  rod  = 

Reciprocating  parts,  weight  in  Ibs.  =  4.4orZ-  10.35. 

Crank  shafts  (four-throw,  three  bearing  type  generally  used).  Overall 
length  in  ins.  =  7d  +  6.  Diam.  of  all  crank  pins  =  <i1  =  0.53<i  —  f  in.  Lengths 
of  bearings:  length  center  bearing  =  2.  8</i  —  2.2  in.;  length  front  end  bear- 
ing  =  rf!  +lj  in.  (or  for  another  type=  1.67di  +  0.55  in.);  length  rear  bearing 
(flywheel  end)  =  5.33^1  —  5.66  in. 

Crank  webs:  Thickness  of  each  of  the  four  webs  at  right  angles  to  shaft  = 
0.4d  —  0.85  in.;  thickness  of  the  tw«  inclined  webs  =  0.5^-;  in.  Width 
of  webs  at  right  angles  to  shaft=0.3!)3'/i  +  1.7  in.;  width  of  inclined  webs  = 
3.54  ins.  -0.666^. 

Flywheels  (12  to  21  ins.  diam.,  for  4-  and  6-cv!.  engines):   Outride  diam.= 
(ll.SXlength  of  crank  arml-11.7   in.      Diam.  out  to  c.  of  g.  of  rir: 
tion  da—flywheel  diam.  —  1-5   ins.    (avg.   for  3!)    type-i.        Flywheel  weight 
in    ]bs.  =  u,'=(l,920<f2-13,900)/rfo2.       Area    of    rim    section    in    sq.    ins.= 
O.OOQ187&wds»H  0.82. 

Cylinder  walls:  Thickness=J  in.  (giving  fiber  stresses  from  2,800  to 
3,500  Ibs.  per  sq.  in.  for  a  max.  explosion  pressure  of  3f><;  Ibs.  per  sq.  in.). 

Jack  fit:  Width  of  jacket  space  =  0.6875  —  0.0375rf;  thickness  of  jacket 
walls:  cast  ron,  3Bj  in.;  sheet  metal,  ^5  to  ,'t  in. 

Cylinder  head  thickness  =  thickness  of  cyl.  wall  +  3^  to  j1,  in. 

Clearance  (avg.  25C70;  to  give  76  Ibs.  compression  pressure).  Clearance 
mins.  =  0.241d-0.13: 

\'<ili<es.     Distance  in  ins.  between  valve  arid  cyl.  center  lines—  1.33d  — 
1.7^.      Practically   all   automobile  engine   valves   are  of   the   poppet    type. 
with  either  flat  or  45°  seats.      Valve  cRam.—  <f»—  0.54—  i  in.;   valve  lir 
0.095.  13  +  0.1  55.     Thickness  of  valve  disk  ---().  rj-W:.  +  II.  "'.. 

'/y  of  Gas  Flow,  ins.  per  min.  =d-l\,"24ddl,  in  wliich  A"      r.p.m. 

Diam.—  0.094d<+  0.226;    len»;t!,.  »;  to  8 
Valve  weight  (disk  +  stem)  in  oz.  =  2.03rf32-0.35. 


APPKXIMX.  203 

\'<dic  timing  (average).  For  the  4-stmke  cycle  (7L'Oa)t  inlet  valve  open* 
at  15°  from  head  cud  «r  .iea-l  center,  and  closes  at  215°;  compression  lakes 
place  from  21.r>°  to  360°;  ignition  takes  place  at  360°,  and  the  explosive 
gases  expand  to  455°:  exhaust  valve  opens  at  455°  and  remains  so,  nut 
only  until  cycle  of  720°  has  been  completed,  but  to  about  10°  beyond,  on 
the  third  outetroke.  The  exhaust  valve  thus  opens  at  45°  before  com- 
pletion of  the  power  stroke;  a  little  power  is  lost  by  this  but  the  erases 
are  nearly  all  exhausted  at  end  of  stroke,  only  the  remaining  charge  at  about 
atmos.  pressure  needing  to  be  expelled  on  the  fourth  stroke. 


AIR. 

Wind  Pressure.— According  to  M.  Eiffel  (En(i.  Digest,  vol.  Ill,  p.  243), 
pressure  in  Ibs.  per  sq.  ft.  against  surfaces  at  right  angles  to  direction  of 
pressure  and  those  inclined  not  more  than  30°  from  normal  =  0.00323  p3— 
vV310,  in  which  v  —  velocity  of  wind  in  miles  per  hour. 

Air  Lift  Pumps. — The  maximum  capacity  for  a  given  air  lift  is  attained 
when 

po[loge(p1/po)]/KwGw=(l+/2)(r.+  Vm)/gA* (1) 

or,  eliminating  pressure  from  (1),  when 

(1  +7a)(  VV8-  VJ)  =  2ghA*  + fr  W (2) 

In  (1)  and  (2)  po  =  atmos.  pressure  in  Ibs.  per  sq.  ft.  =  2,116.3;  pt  = 
initial  air  pressure  in  Ibs.  per  sq.  ft.;  Fw  =  discharge  of  water  from  lift  in 
cu.  ft.  per  sec.;  (7w  =  wt.  of  1  cu.  ft.  water=  62.43  Ibs.;  /,,  /2=  resistance 
coefficients  of  pipe;  Fa=cu.  ft.  of  air  supplied  per  sec.  at  atmos.  pressure; 
A  =  area  of  delivery  pipe  section  in  sq.  ft.;  0=32. 2;  A  =  distance  from 
water  level  to  point  of  delivery,  in  ft.  Also  /,  =2;  /2  =  0.02L/7),  in  which 
7)  =  pipe  diam.  m  ft.,  and  L  =  total  length  of  pipe  in  ft.  =  h  +  submerged 
length  hi. 

Max  entrance  velocity  to  bottom  of  delivery  pipe  =  v=  Fw/.4.  With 
values  of  h,  A  and  Fw  known,  Fa  may  be  obtained  from  (2),  and  (1)  may 
then  be  solved  for  value  of  PJ.  The  proper  length  to  which  the  lower  end 
of  pipe  should  be  submerged  is 

fci  =  (Pi  -po)/Cw  +  i'2U  +fi)/2g (3) 

Efficiency  =  FwGw/i/Fapologe^/po) (4) 

Example. — Let  Fw  =  0.25  cu.  ft.;  D  =  0.25ft.;  h  =  50  f t. ;  L  (for  preliminary 
calculation)  =  2.25h  to  2.5h,  say  120  ft.  Then  /2  =  9.6;  v  =  5.09  ft.  per  sec.; 
F»=0.898  cu.  ft.  per  sec.;  p,  =  3.18po  =  48.7  Ibs.  per  sq.  in.  abs.;  and  effi- 
ciency  =  36%.  From  (3)  Aj  —  75.1  ft.  instead  of  (120-50  =  )  70  ft.,  as 
assumed.— H.  Lorenz,  in  Z  V.D.I.,  Apr.  3,  '09;  also  Eng.  Digest,  June,  '09 

Pressure  Drop  of  Compressed  Air  and  Gas  Flowing  in  Pipes. — 

Pressure  drop  p  m  kg.  per  sq.  c.m.  =  0.0602G«-852<;1-852.L/d1-a69,  jn  which  6'  = 
density  of  gas  or  air  at  initial  pressure  p,  in  kg.  per  cu.  meter;  w  =  velocity 
of  flow  in  meters  per  sec.;  L  =  pipe  length  in  meters,  and  t/=  internal  diam. 
of  pipe  in  mm. — Dr.  Fritsche,  in  Z.  V.D.I.,  1908. 

Moisture  In  Air. — Maximum  weight  of  water  vapor  (in  Ibs.)  that  1  Ib.  of 
pure  air  can  contain  at  pressure  p  and  temperature  t=  W  =  KH/(2.Q'36p  -H). 
in  which  //  =  absolute  pressure  of  the  water  vapor  (or  saturated  steam)  in 
inches  of  mercury;  p  =  observed  pressure  (absolute)  of  the  mixture  of  pure 
air  and  water  vapor,  in  Ibs.  per  sq.  in.;  and  /C  =  0.6113  +  [0.092*/(850-  /)], 
in  which  t  is  in  degs.  F.  K  represents  the  ratio  of  the  weight  of  equal 
volumes  of  saturated  steam  and  pure  air,  both  at  the  same  pressure  ami 
temperature.  This  formula,  derived  from  a  consideration  of  Dalton's  l:iu 
of  gaseous  pressures  by  H.  M.-Prevost  Murphy  (Eng.  A'eu-*,  June  18,  '08), 
makes  it  possible  to  determine  exactly  what  percentage  of  moisture  pure 
air  can  C9ntain  at  various  temperatures  and  pressures,  how  low  the  rela- 
tive humidity  of  the  atmosphere  must  be  in  order  that  no  water  will  be 
deposited  in  any  part  of  a  compressed  air  system,  and  also  to  what  tern 
perature  air  drawn  from  a  saturated  atmosphere  must  be  cooled  in  order 
to  cause  the  deposition  of  moisture  to  commence*.  Knowing  these,  the  nir 
can  be  cooled  so  as  to  deposit  all  its  excess  moisture  in  reservoirs  or  long 

Sipes,  and  in  thus  obtaining  dry  air,  accidents  and  unsatisfactory  operation 
ue  to  the  freezing  up  of  valves,  parts,  pipes,  etc.,  m^y  be  avoided. 
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A  TOO!  ine->.  -Supporting  surface  length  or  span  of  piano  X chord  (or 
\vi.ll  >)  ,\.\o.  of  pi  i  in-.-. 

,.!<•  t.y  chord  to  Lne  of  li  .i.oiit. 

7°.      Di.-tance  between  plane;    -chord.     Camber  or  arching  of  planes 
chord,  avg.      I-'PHII   '2  .    I  i    1    il.-.   JXT  s<|.   It.  of  plane  area  can  In    -up;- 
when  machine  i-  in  flight. 

Lifting  ami  Pro  lulling  Screws.  Forward  thrust  (or  vertical  lift)  Iba.— 
f  r-.\  -i^,  in  which  .V  =  H.1>.,  and  D  =  di:un.  of  screw  in  ft.  ('  !»..">  to  11 
for  propellers,  and  l'»  to  L'J  for  lifting  screws.  Axial  pitch  of  screw,  or 
:idv:incc  ] XT  rev.  =0.5  Xdiam.,  :iv«.  (Snq.  l)i<irxt,  l-'el>.,  '( 

Motors, — Gasoline  engines  for  aeronautical  work  weigh  from  2J  to  6  Ibs. 
per  B.H.P.;  r.p.m.,  about  1,200;  gasoline  per  B.H.P.-hr.,  0.9  to  1  Ib. 
H.P.  required  =  R i'/550,  in  which  v=  velocity  of  flight  in  ft.  per  sec.,  and 
72  =  resistance  in  Ibs.  R=  W  tan  «  +'2fA,  in  which  A  =  total  area  of  plants 
in  sq.  ft.  and  /=  friction  per  sq.  ft.  of  plane  area.  W  =  total  weight  .sup- 
ported. /=  0.00000778  (vi.8VZA°7)  in  which  L  =  span  of  plane  in  ft 
v  is  in  miles  per  hour,  use  0.000158  instead  of  0.00000778).  -  •juier, 

in  A.S.M.i:.  paper,  Dec.,  '09.     Following  are  values  calculated  for/. 

FRICTION,  LBS.  PER  HQ.  FT. 

I',  mi.  16-ft.  24-ft.  32-ft.  i:i-ft. 

per  hr.  plane  plane  plane  piant: 

30  .0070  .0068  .0067  .0065 

40  .0119  .0116  .0114  .'Hii> 

60  .0253  .M217  .0242 

80  !0431  .0419  .0411  .0405 

100  .0652  .0635  .0622  .0615 


HYDRAULICS    AND   HYDRAULIC    MACHINERY. 

Friction  in  Pipes  and  Channels  —  Loss  of  Head.  —  InZ.  V.D.I.,  June 
27  and  July  4,  '08,  Dr.  R.  Biel  gives  a  new  formula  for  determining  the  loss  of 
head,  applicable  to  liquids  of  various  densities,  gases,  compressed  air, 
steam,  etc.,  flowing  in  both  pipes  and  (in  the  case  of  liquids)  open  channels, 
in  which  account  is  taken  of  both  the  roughness  of  the  inner  pipe  surface 
and  the  viscosity  of  the  fluid.  This  formula  is: 


)]  .....................  (1) 

in  which  //f=loss  of  head  in  feet,  L  =  length  of  pipe  in  thousands  of  feet, 
v  =  velocity  of  flow  in  ft.  per  sec.,  D  =  pipe  diameter  in  ft.,  Z  =  modulus  of 
viscosity,  b  =  factor  depending  on  the  viscosity,  /=  factor  depending  on 
the  roughness  of  the  inner  pipe  surface,  and  a  =  constant  =0.0366.  The 
values  of  Z  vary  with  the  temperature  and  are  as  follows: 

32°  F.      62°  F.     150°  F.    212°  F.   2192°  F. 
Watr-r  ..............  01775       .0111        .0046        .0031 

Air,  steam,  vapor.  ..    .137  .1574        .121  .23 

C'onl  gas  (68°  F.)  .....  23  (approx). 

Dr.  Biol  cl;  s.siiies  the  various  degrees  of  roughness  (or  rugosity)  of  pipe 
and  channel  surfaces  us  follows: 

I.  —  Dra\vii  l>r;iss  tubes;   smooth  lead  pipe;    glass  tubes;   smoothly  plant-d 
;uid  varnished  \\ood  surfaces. 

II.  —  Pipes  or  ducts  of  rolled  sheet  metal;   wrought  iron  gas  pi; 
steel  pipe;    wood  stave  pipe  when  very  smooth;    good  new  c-;i>t  in>i 
carefully  laid  with  cement  joints;    rectangular  flumes  of  planed  bo-ir  Is. 

III.  —  Ordinary  ne-v  cast  iron  pipe  or  wood  stave  pipe;    m  ne  \  cnt.'.ating 
shafts,  covered  with  coal  dust   (5  years  old,  —  about);    cement  mortar  and 
evenly  compacted  concrete  surface-;. 

IV.  —  Unpinned  bonnh.  well-laid  brickwork;  ordinary  concrete. 

V.  —  Common  brickwork:    hewn  masonry. 

VI.  —  Tormented   iron   nir  duct<.   badly  corroded;     poorlv  laid  brickwork 
and  rubble  masonry;    earth  canal.-;    brooks  and  rivers;    watercourses  with 
vegetation,  or  rough  stony  beds,  etc. 
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The  values  of  6  and  /  for  water,  air,  Meam  and  gas  arc  as  follows: 


Degree  of  Rough  i 

Rugosity  factor/  ........  0(«o3 

Viscosity  lactor  6  ......    1  .  721 

bZ  for  water  at  53.6°  F. 

(Z  =  .0124)  ..........  02137 

bZ  for  water  at  212°  F. 

(Z=.UO:i1)  ...........  00533 

bZ\    for    air    at    normal 


II 

.()(i'.i»4 
1  .  286 


n     gas 
III 
.W«».s7 
.833 


IV 

.i»2'.»M 


.01594   .01033   .0058 


V 
,480 

.(; 


.00398   .00257   .00152   .001.VJ 


temperature  (68°  F.).   3.916         2.937          1.906         1.108 


1  .  H'S 


P  P  P  P  P 

f.Vote.  —  For  air,  compressed  air,  steam,  gas,  eto.,  Zi-*14.227/p  in  which 
p  =  abs.  pressure  in  Ibs.  per  sq.  in.;    Z  is  taken  trom  the  previous  table.) 

To  find  the  loss  of  head  in  Ibs.  per  sq.  in.:   for  water,  multinlv  vnlne  ob- 
tained for  //  by  0.433;    for  free  air  (at  68°  F.),  multiply  //  by  O.OUOol'o. 

Example.     Calculate  the  loss  of  head  in  500  ft.  of  12-in.  riveted  «ted 
pipe,  with  water  oi  ordinary  temperature  (62°  F.)  flowing  at  the  rote  of 
3  ft  per  .see.     In  this  case  L  =  0.5;    /)=!;   and  t/=3;   also,  /=  0.00994  ;   6=- 
1.2S6,  and  2=0.0111.     Substituting  in  (1),  it  is  found  that  //f—  1.1SS  ft.= 
0.51  Ib.  per  sq.  in. 

For  pipes  running  loss  than  full,  flumes,  conduits,  sewers,  canals,  rivers,  etc., 
Loss  of  head  in  ft.  =  Ht  =  KLS/R 

=  (L*.*/R)  X  [0.0366  +  (//•/  /?)  4-  (&Z/i  V  It)}, 

in  which  R  is  the  hydraulic   radiua  =  area  of  cross-section  of  flow   in  so. 
ft.  -f-  length  of  the  welted  perimeter  in  ft.     Z  is  taken  from  the  first  table 
given,  while  /  and  6  have  the  following  values: 

Decree  of  /  6 

Roughness 

I  ...................    ...............  00353  1.721 

II  ....................................  00994  1.286 

III  ...................................  01987  .833 

IV  ...................................  02981  .489 

V  ...................................  03975  .489 

Masonry  ..............................  0994 

Rough  masonry,  earth  canals  with  walled 

banks  or  plastered  slopes  ..............  16 

Earth  canals,  brooks,  rivers  ..............  276 

Water  courses  obstructed  by  weeds  nnd 

stones  ..............................  414 

Water  courses  obstructed  by  many  stones 

and  weeds  ...........................  497 

Water  courses  very  badly  obstructed  ......  585 

(Values  of  b  below  V  are  negligible.) 

Turbines.  —  All  modern  American  turbines  are  pressure  turbines  of  the 
radial  inward-flow  type,  in  which  tho  water  enters  at  the  periphery  of  the 
runner  and  flows  through  it  under  a  certain  static  pressure,  as  the  whole 
available  head  is  not  turned  into  speed  ••»»  th_e  entrance;  the  entrance  speed 
is  less  than  the  spouting  velocity(  =  i/20//).  leaving  part  of  the  pressure 
head  to  accelerate  the  relative  water  stream  in  the  runner.  Regulation 
for  a  flow  either  with  or  without  pressure  head  is  possible  by  a  proper 
choice  of  bucket  and  guide  vaue  angles. 

Turbine  Demon.  An  absolute  criterion  for  turbines  in  reference  to  the 
desideratum:  highest  speed  and  highest  capacity  combine.!  with  good 
efficiency  —  is  an  expression  railed  the  "type  ehara'eteristic"  (in  (lermany. 
the  "specific  speed'  ).  This  characteristic  is  the  sj>eed  in  r.p.m.  of  a  turbine 
diminished  in  all  dimensions  to  such  an  ex'ent  a*  to  develop  1  II.  1'.  w*m 
working  under  a  head  of  1  ft.  Expressed  mathematically,  type  charac- 
teristic^, ^.Vi/H.P./ffv^.  in  which  //-hend  in  ft.  and  .V-  r.p.m. 
The  types  of  runner  for  various  valu.-<  of  A',  :ire  a*  follow>:  For  A"t«-12 
to  2$,  low  speed,  low  capacity;  for  A',  L.'^  t<>  41.  medium  apeo.l.  medium 
capacity;  for  /Ct  —  44  to  87,  high  speed,  high  capacity  (all  based  on  a  hy- 
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draulio  efficiency  of  80%;.  The  type  being  determined,  the  runner  diam. 
D  (ft.)--KV  ///.V.  in  which  JC-87  to  99  for  low  speed,  99  fur  medium 
speed,  and  99  to  134  for  high  speed. 

For  low-speed,  low-capacity  turbines  the  bucket  angle  ft  (see   V\K.  411 
—  60°  to  90°,  :iiul  the  vane  anglecc  =20°  or  less;   for  inedm.ii  .>pced,  medium 
capacity,  0  —  90°,  «  =25°  to  32°;  for  high  speed,  high  capacity,  0—9 
135°,  a  -30°  to  40°. 

The  breadth  of  runner  B  (in  ft.)  ranges  from  D/30  to  D/2  in  good  prac- 
tice. For  high  heads  #  =  D/30  to  D/8;  for  medium  heads  /J  =  D/S  to  D/4; 
for  low  heads,  B=D/4  to  D/2. 

There  are  three  diameters  to  be  considered:  D  at  entrance  of  buckets 
(see  Fig.  42),  D'  at.  exit  point  of  runner  bucket,  am!  I)"  at  the  neck  of  draft 
tube.  Their  ratios  (D  being  known)  depend  on  the.  value  of  Ii.  When 
#  =  D/30,  D"<D'<D;  when  #=D/S,  D*  =  D'<D;  when  B  =  D/4,  D"  =  D> 
D';  and  when  B=D/2,  D">D>D'. 

The  number  of  buckets  on  runner=n=&}/  d,  in  which  d  =  diam.  of  runner 
in  inches,  and  A: --^3. 7,  '•'>,  and  2.2  respectively  for  low,  medium  and  high 
speeds.  The  number  of  guiile^  vanes  ri  should  be  greater  than  the  number 
of  buckets  n;  and  nf—kiyd,  in  which  An  — 2.5,  3,  and  3.5  respectively, 
where  guide  vane  angle  a  is  20°  or  less,  20°  to  30°,  and  30°  to  40°.  1 1  i- 
best  on  account  of  mechanical  reasons  to  have  an  uneven  number  of  buckets 
and  that  the  number  of  guide  vanes  be  divisible  by  2  (or  possibly  4),  in 
order  to  avoid  having  more  than  one  bucket  edge  coincide  with  the  vane 
tip  at  the  same  time. 

The  guide  case  should  so  be  designed  that  the  sharp  edge  of  the  inter- 
section of  the  surface  of  a  guide  vane,  when  produced,  falls  outside  the 
runner  periphery  (see  Fig.  41)  and  a  good  clearance  left  between  the 
tips  and  periphery-  This  will  allow  entering  streams  pt  water  to  join  in 
a  solid  ring  and  nullity  the  effect  of  eddies  on  the  capacity.  Buckets  when 
made  of  steel  plate  should  be  from  J  in.  (for  /)  =  !  ft.)  to  J  in.  (for  D  =  7 
to  8  ft.)  thick:  cast  iron  buckets,  £  in.  to  3  in.  thick  between  same  limits. 

In  regard  to  the  draft  tube  diameter  at  D",  the  velocity  n  in  ft.  per  soc. 
should  be  about  the  same  as  the  flow  velocity  in  the  discharge  area  of  the 
runner.  This  represents  a  direct  loss,  which  is  partially  recovered  bv  the 
conical  lower  part  of  draft  tube.  This  discharge  loss  (  =  n2/2gfl)  should 
not  exceed  the  following  percentages  of  the  head  Tf:  low-speed,  low-capacity 
runners,  0.04  to  0.06;  medium  speed,  medium  capacity,  0.05  to  0.08;  high 
speed  and  capacity,  0.08  to  0.15. 

Example.  #=100  ft.;  H.P.  =  2,500;  #=250  r.p.m.  Assuming  80% 
effy.,  Q  =  H.P.  X 5507(62.4  X0.80  X 100)  =  275  cu.  ft.  per  sec.  (62.4  =  lbs. 
water  per  cu.  ft.).  From  these  values  Kt  =  39.55,  consequently  runner  is 
of  the  medium  speed,  medium  capacity  type,  with  /3  =  90°.  Therefore 
D  =  99-/|///AT=(3.96,  say)  4  ft.  No.  of  buckets  =  3i/48  =  21,  and  for 
cast  iron,  thickness  t  =  \  in.  Take  No.  of  guide  vanes  =  20,  and  so  design 
them  that  their  thickness  (produced)  at  periphery  of  runner  =  0.  Then, 
free  circumference  =  irD  —  n*=  12.16  ft.  As  A't  =  3*9.55  is  near  the  upper 
limit  44,  take  #  =  D/4=1  ft.  Then  free  entrance  area=l  X  12.16=  12.16sq. 
ft.,  and  the  radial  component  of  the  ervtrance  velocity  c,  =  Q/12.16  = 
22.62  ft.  per  sec.  Generally,  Cr  =  c_sin  oc  =\/egH  X I/sin  /3/[sin  (ft  —  cc)coscc] 
Xsinoc.  When /3  =  90°,  cr=\/e<///Xtana.  Hence,  assuming  the  hydraulic 
efficiency  e=0.84,  and  (7=32.16,  tan  oc  =0.435.  or  «=23.5°.  The  upper 
draft  tube  area  (neglecting  sectional  area  of  shaft)  =  Jtr  X4-=  12.. r>7  s«j.  ft. 
Therefore  disc-haw  velocity  a  =  275/12.57  =  21.86  ft.  per  sec.,  and  the  dis- 
charge loss  percentage  =  ci2/2<7//  =  0.0743,  which  is  satisfactory  as  it  lies 
between  the  specified  limits  of  0.05  and  0.08. 

If  the  value  of  AT,  for  a  given  set  of  values  for  H.P.,  //  and  .V  exceeds 
87,  a  multiplex  turbine  must  be  built.  For  example,  if  A",  =  (say)  174,  or 
2X87,  it  will  be  necessary  to  construct  a  quadruples  turbine,  each  runner 
of  which  is  designed  for  A",  =  87.  If  Kt  works  out  to  he  less  than  12.  and 
it  does  not  seem  advisable  to  make  B  smaller  than  D/30,  an  impulse  wheel 
must  be  used. 
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Impulse    Wh,,-h  (F.-lton.  Dobfe,  etc  \.      It  A'.  ,.,...    ,,r,-.-,.,|ii»K    paragraph*) 
lies  between  5  and  li>.  a  multiple  impulM-  \sln-.-l  must  l.«-  <'in|.l 
best  conditions  for  (ho  design  of  single  jet   wheels  .-in-  \\li.-n  A',   is  l.ctween 
2.5  and  3.5;    above  4.2,  the  design  must  be  careful  and  the  buckets  made 


FIG.  41. 

longer  than  usual.  After  deciding  on  the  number  of  wheels  or  jets,  the 
jet  diameter  d  is  found  from  the  formula  d  (in  inches)  =  16.1  v/H.P.i.  in 
which  H.P.i  =  the  specific  power,  or  power  at  a  head  of  1  ft.  =  H.P.///y///' 
The  specific  speed  JVi(or  speed  at  1  ft.  head)  =  N/V  //:  filso,  Kt  =  Nitf  HiPT. 
The  nominal  wheel  diameter  D,  or  diam.  of  circle  tangent  to^ center  line  of 
jet=53.67d/Xt,  and  this  value  must  check  with  D  =  72~\/~H/N.  The  jet 
is  split  by  the  fin  in  center  of  bucket  into  two  sheets  of  water,  one  at  each 


FIG.  42. 


side,  and  three  nro  reversed  in  dirootion  hy  tlio  ruppoil  stirf:\n>s  of  the  l>u<-krt : 
width  of  sheet  at  cdm-  L'//,  m-m-rally.  The  sheets  :itv  discharged  at  aii 
angle  ft  with  the  plane  of  rotation  of  wheel,  and  tan  0  =  nA',/4OX,  in  vrhich 
n=  number  of  buckets.  No.  of  buckets  =(D/d)  + 4,  for  values  of  D/d  of 
12  and  under;  -*(D/d)  +3,  when  £>/d-14;  -(D/d) +2,  when  D/d—  16 

°Example.  With  //-900  ft..  H.P.-7.500,  /V-400  r.i).tn..  K<  from 
formula  =  7.035.  As  this  is  between  5  and  1-'.  two  wheeh  with  on<-  nozzle 
each  (or  one  wheel  with  two  nozzles)  arc  rc<mirc(l,  and  A",  for  raeh  nozxle^ 
'®7«  Tn*8  wi^  require  careful  design  and  elongated  bu 
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If  now  four  nozzles  arc  used  on  one  wheel  (or  two  wheels,  each  with  two 
nozzles).    A",    per   jet   =  7.035/1/  4  =3.52.      Both  solutions  are  p 
first  giving  ;i  smaller  and  cheaper  unit    hut   of   lower  efficiency,    the  M-cc>nd 
costing  more  and  taking  up  more  space,  hut  bein^more,  efficient.   Tak... 
second   ea*e    (I    I...//I. •-    ,    II   I'.i  =  7,500/900^900  =  0.2778,   or  for  ea<" 
zle  =  0.06945;     d    from    formula    above  =  4.J1    ir^.,    :m<l    I)  -H4.s    m 
Z)/d=15  +  ,  No.  of  buckets=15  +  3  =  18;    tan  /3=  18  X3. 52/408  =  0.1.". 
/3=-8°  42'. 

It  is  possible  by  using  four  single-nozzle  wheels,  or  a  single  wheel  with 
four  nozzles,  to  equal  the  minimum  limit  of  12*for  A',  of  radial  inward  How 
turbines,  and  the  entire  field  or  requirements  for  water  turhines  can  then- 
fore  be  satisfactorily  covered  by  these  two  eludes  alone. — ( 'ondenscd.  by 
IHTinission  of  S.  J.  Zowski.  from  hi-;  copyrighted  articles  in  /-.'«»/. 
an.  ()  and  Feb.  10,  11(10,  to  which  the  reader  is  referred  for  further  particular-. 

Turbine  Shafts.     For  vertical  shafts,   dium.   in   ins.   to  resist  buck! 
rf=t/PLVll,  in  which  P=total  weight  of  shaft,  runner,  etc.,  in  Ibs.,  and 
//  =  length  of  shaft  in  ft.     With  the  same  value  of  P  calculate  a  step  bearing 
for  a  pressure  of  from  1,000  to  1,800  Ibs.  per  sq.  in.,  according  to  the 
For  safety   against  heating    make   d^LPN/m,    in   which    .V  =  r.p.m.    and 
m=  225.000  to  335,000  (  =  450,000  to  670,000,  if  bearings  are  submerged). 
— Ing.  Taschenbuch. 

ELECTROTECHNICS. 

Water  Rheostats — Artificial  Load. — In  testing  electrical  machinery 
artificial  loads  may  be  inse:  ..ed  in  the  circuit  by  connecting  in  a  water  re- 
sistance consisting  of  iron  sheets  suspended  in  vats  or  barrels  supplied  with 
running  water,  the  distance  between  the  sheets  being  capable  of  ad.iii^t- 
ment.  In  hydroelectric  plants  the  plates  may  be  attached  to  a  wooden 
frame,  lowered  down  into  the  race  and  used  continuously,  ivicli  plate 
should  have  an  area  of  from  4  to  5  sq.  ins.  per  ampere,  and  the  vat  or  tank 
should  have  a  capacity  of  from  1.5  to  3  gals,  per  K.W.  For  the  hydro- 
electric plant  arrangement,  0.8  to  1.6  sq.  ins.  of  area  per  ampere  for  each 
plate  is  sufficient.  Three  12  x  12  in.  plates,  4  to  6  ins.  apart,  will  serve 
for  a  load  of  500  K.W.  on  three-phase  current  at  3,000  volts.  For  high 
voltages  the  water  should  be  fed  to  the  vat  or  barrel  through  rubber  hose. 

Candle-Power  and  Voltage  of  Incandescent  Lamps. 

Decrease  in  voltage,  %  0.51  2  3 

Decrease  in  candle-power: 

Carbon  filament  lamps  3.5          7  14.4          22.3 

Metal  2  4.2  8.5          13 

Tungsten  Lamps  are  made  for  voltages  up  to  250.  They  require  abouj 
1  watt  per  c.-p.,  and  maintain  this  efficiency  up  to  about  1,000  hours. 

Arc  Lamps. — Approximate  Candle-Powers  and  Efficiencies. 

Mean 
Amp.        Volts,    hemispherical  r.-p.  per 

^candle-power      watt 

Openarci  10  45  S30  1.84 

Enclosed  arc2  6.6  71  360  0.77 

Long  arc3  10.3  90  2.000 

Flaming  arc*  10  46  2,750  5.98 

Mercury  vapor 

(Cooper-Hewitt)  3.5          110  XOO        r     2.08 

*No  globe.  2Opalescent  inner,  and  clear  outer  globe.  3Uscs  soft-cored 
carbons.  4Uses  carbons  impregnated  with  mineral  salts. 

Brushes,  Current  Densities  in. 

Amperes  per  Volts  drop  at 

sq.  in.  max.  current. 

Meau.  Max. 

Copper 85-160  260  .         0.14 

Brass  (very  thin  leaves) !».'.    l'J->  --".>  0.15 

Carbon,  very  soft. ..                                  -  12.'»  0.6 

"     hard...                       25-40  60  1.3 


APPKNDIX.  L'll(.) 

Electric  Drive   for   Machine  Tools. 

Average  Load  Factors.— Lathes,    10  to  2.5%   (car  whorl  lathes.  30  to 
40',);    boring  mills,   10  to  2i>c'c;    drillinc  rnarhm.  - 
(large   drills);    milling  machines,    10   to  25%    (slab   millers.   30  to    '• 
planers,    10  to  20%  (heavy  work,  up  to  40%).     Standard  motor  si/«->,  HI' 
i,  i,  1,  2,  3,  5,  7*,  10,  15,  20,  25,  30,  50. 

Types  of  Motors  Best  Adapted  to  Different  Types  of  Machine  Tools. 

— The  classification  here  given  is  taken  from  a  paper  r<-  ui  t<\  <  'tiar.i-s  Fair 
before  the  A.S.M.E.,  Apr.  12,  1910.  The  different  t\  p«->  <>f  motors  are  in- 
dicated at  follows:  A.  shunt;  B,  20',  oompovad  wound;  C,  40%  com- 
pound wound;  D,  80%  compound  wound;  E,  series;  F,  squirrel  cage 
rotor  induction  motor;  G,  same  as  F,  but  with  high  starting  torque;  H. 
slip-ring  induction  motor  with  external  rotor  resistance;  .1.  :jo'  \,  compound 
wound.  A,  B,  C,  D,  E  and  J  arc  direct-current  motors;  F,  G  ami  H, 
alternating  current  motors. 
Use  types  For 

A,  F.  Bolt  cutters,  boring  machinery,  centering  and  chucking 

machines,  drilling  and  miliins  machines,  tool  grinders. 

milling  or  broaching  keyseaters,  small  rotary  saws, 

screw  machines,  tappers,  pipe  cutters. 
B,  C,  F,  G.  Bolt  and  rivet  headers, Bulldozers,  bending  and  shearing 

machinery,  corrugating  rolls. 
C,  D,  E,  H.  Bending  rolls. 

B,  F.  Grinder  for  castings,  reciprocating  keyseaters,  cold  bar 

and  I-beam  saws,  hot  saws,  shapers,  slotters,  tumb- 
ling mills. 

A,  B,  F.  Gear  cutters,  heavy  slab  millers,  rotary  planers. 

B,  J,  G.  Drop  hammers. 

A,  F,  H.  Lathes. 

E,  G.  Lathe  carriages. 

B.  C.  Punch  presses. 

B,  F,  G.  Planers,  swaging  machines. 

Sizes  and  Speeds  of  Motors  —  (Direct  current  or  60-cycle  induction 
motors  of  constant  speed,  with  adjustable  speed  ratio  of  1  :  3). 

Engine  Lathes. —  Light  duty.  Heavy  duty. 

Swing,  ins.  H.P.     R.p.m.  H.P.     R.p.m. 


14  2 

16  3 

20  3 

24  5 

30  7* 


,800  5  1,200 

,800  5  1.200 

,800  7J  1,200 

.-'(HI  10  1,200 

,200  15  1,200 


36-48  7*        1,200  20  900 

Whed  Lathes.— 51  in.,  15  H.P.;  79  in.,  25  H.P.;  100  in.,  50,H.P.  (5  H.P. 
for  tail  stock). 

Boring  Mills.— SO  in.,  5  H.P.;  42  in.,  7*  H.P.;  90  in.,  10  H.P.;  100  in., 
15  H.P.  (all  at  1,200  r.p.m.);  10-12  ft.,  20  H.P.;  14  ft.,  25  H.P.;  16  ft., 
3O  H.P.  (10  ft.  and  above  at  900  r.p.m.).  Rail  motors  for  sizes  90  in.  and 
above  =  4  regular  motor  H.P. 

Radial  Drills.^  ft.,  3  H.P.  (1,800  r.p.m.);  6  ft.,  5  H.P.  (1.200  r.p.m.); 
10  ft.,  7k  H.P.  (1,200  r.p.m.). 

Upright  Drills.—  Friction,  i  H.P.(1,800  r.p.m.);  15  in.,  i  H.P.(1. MM)  r.p.m.); 
26  in..  1  H.P.  (1,800  r.p.m.);  34  in.,  2  H.P.  (12-1,800  r.p.m.);  50  in.,  .;  H  !'. 
(12-1,800  r.p.m.). 

Horizontal  Milling  Machines. — 24  in.  (table  feed)  x  8  in.  (cross  feed), 
3  H.P.  (1,800  r.p.m.);  30  x  10  in.,  5-7J  H.P.  (1.200  r.p.m.);  36  to  50  x  12  in.. 
7fr-15  H.P.  (1.200  r.n.m.). 

Vertical  Milling  Machines. — 28  in.  (table  diam.)  x  4  in.  (spindle  diam.), 
5  H.P.  (1.200  r.p.m.);  40  x  4*  in..  10  H.P.  (1,200  r.p.m.);  70  x  6  in..  20  H.P. 
(900  r.p.m.). 

Slab  Milling  Machines.— 24-30  in.  width  of  table.  10  H.P.  (1.200  r.p.m.); 
36  in.,  15  H.P.  (1.2OO  r.p.m.):  60  in.  light  or  :<6  in.  hi-:iv\  J'  Tl  P  '"TOO  r.p.m.). 

Horizontal  Borino.  Milling  ami  Drilling  Miirhi  »••«.•— 3k  in.  soin-lle. 
3  H.P.  (1,800  r.p.m.);  4  in..  :,  HI':  o  in.,  lu  '  .  1  "j  H.P. 

(speeds,  1,200  r.p.m.). 
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I'hinrr*,  Medium  Dntv.  J  1  x  J  1  in.  .',  HIV;  86x36  in.  in  H.P.; 
56x56  in.,  i:>  III'.  \  p.m.  For  heavy  duty  multiply  H.P.  by 

1.5  and    take    next    lar«er  si/.e   of   m.it')r.      Heavy    fro«   :md   switch    foi 

planers  <72f)  r.p.m.,),  12  x  U)  ft.,  «;:»  H.l'.  (H)  for  rail);  i-i  x  12  a.,  7.-,  H.I'. 
(12  for  rail). 

Sfxipers.—  14-20  in.,  :{  H.I'.  (l.sOO  r.]).in.);  21  in.,  5  H.P.;  36  in.,  7i  H.I'. 
(1,200  r.p.m.), 

rV«uA-  Slnltrrs—  H.P.=  J  to  J  Xsizo  in  inrln--. 

Cold  .SV/ir.s.  —  12  x  /v  in..  2  H  I',  (l.x'iil  r.p.m.  >;  IS  x  A  in.,  X  HI'. 
(1,800  r.p.m.);  24  x",:|«  in.,  o  H.I'.  (1,200  r.p.m.;;  36  x  A  in.,  10  H.I'. 
(1.200  r.p.m.). 

(iriruters.  —  10  in.,  5H.P.;  IS  in..  10  IM*.  at  1.2')')  r.p.m.  for  mo<lium  work. 
For  ho.-ivv  work  take  nc\t  larger  M'/C  (7;.  ai;d  !.">  H.I'.,  n-sp.).  —  From  paper 
by  Chai-lea  Kobbiiid,  before  the  A.6.M.E.,  Apr.  12,  i'.HO. 

Power  Required  by  Machine  Tools.  —  Let  d  =  diam.  of  piece  machined; 
in  ins.;  /=  inches  feed  per  rev.;  /i  =  inches  feed  per  stroke;  /2  =  inches  table 
feed  per  min.;  Ar  =  r.p.rn.;  Ari  =  No.  of  cutting  strokes  per  min.;  s=dopth 
of  cut  in  ins.;  i  =  stroke  in  ins.;  D  =  drill  diara.  in  ins.;  and  6  =  width  of 
milling  cutter  in  ins.  Then,  for 

Lathes  and  Boring  Mill*,  H.P.  =  Z.UKdNfs; 

Planers,  Shapers,  Blotters,          H  .  P.  =  A'/.Vi  /  1  x; 

Drills,  H.P.  =  1  .57  KD-.\f(Nf=  ins.  feed  per  min.)  ; 

Milling  Machines,  horizontal,  H.P.=  1.6bsfs(tor  mild  steel). 
vertical,  H.P.=   6.s/  . 

Values  of  K:  Brass  aad  similar  alloys.  0.2  to  0.3;  cast  iron,  0.3  to  0.5; 
wrought  iron,  0.6;  mild  steel  (0.30  to  0.40%  C.),  0.6;  hard  steel  (0.50%  CJ 
1.00  to  1.25;  very  hard  tire  steel,  1.50.—  Charles  Robbins  in  A."  m 
paper,  Apr.  12,  1910. 
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Absolute  temperature,  58 
Acceleration,  43,  71 
Adiabatics,  61 
Admittance,  148 
Aeroplane  design,  204 
Air,  100-103 

-chambers,  114 

compressed,  101, 180,  203 

flow  of,  101,  161.203 

-gap,  141 

-lift  pumps,  116,203 

moisture  in,  203 

-passages,  90 

-pumps,  94,  174,  175 

-space,  141 

Alcohol,  denatured,  177 
Algebra,  1 
Alfoys,  11.  162 
Alternating  currents,  145 

generators  for,  148 
Altitudes,  101 
Aluminum,  11,  163 

bronze,  11 

wires,  156 
Ammonia,  103 
Ampere,  130 

-turns,  calculation  of,  138 
Angle  of  torsion,  22 
Angles,  pipe,  109 

steel,  Carnegie,  34-35 
Annealing,  118 
Anode,  131 
Antimony,  162 
Arc  lamps.  159,208 
Areas  of  circles.  2 

of  plane  figures,  5,  162 
Arithmetic,  1 

Arithmetical  progression,  4 
Armature,  136 

shafts.  13U 
Artificial  draft.  «.« 
Atomic  weights,  !<» 
Automobile  engine  proportions,  202 
Axles,  strength  of,  191 

Babbitt  metal.  1 1 

Balancing,  85 

Ball  bearings,  47.  169 

Bar  iron,  weigh  Us  of  W   I  .  1  _' 

Barometric  condenser,  175 


Batteries,  storage,  185 
Beams,  deflection  of,  26 

I-,  Carnegie  steel,  32 

of  uniform  strength,  29 
Bearings.  46,  168,  191,  193 

collar,  46,  193 

journal,  47.  54,  168,  193 

pivot,  47,  54,  193 

step,  193 

turbine,  193 
Beaume  scale,  189 
Belt-conveyors,  128,  184,  196 
Belting,  51,  191 

steel,  192 
Bending  moment.  23 

and  compression,  30 

and  tension,  29 

and  torsion,  31,  166,191 

stress,  23 
Bends,  pipe,  109 
Bevel  g^ars,  50.  170 
Binomial  theorem,  3 
Bismuth,  162 
Blacksmith  shop,  the.  117 
Block  and  tackle.  45,  171 
Blowers,  102.  180 
Boiler  accessory  apparatus,  93 

dimensions,  88 

efficiencies,  87 

shell  plates,  87 

test,  115 

tubes,  14.  87 
Boilers,  steam,  87 

heat  transmission  in,  201 

performance  of,  87 

proportions,  89 
Bolts,  flange-coupling,  2-' 

dimensions  of  heads,  120 

strength  of.  •_'!    JJ 

\s  eight  of,  15 
Braces  and  stays,  88 
Brake,  Prony.  :.:• 
Brakes,  band  and  friction.  171 
Brass.  11 

Brasses,  journal,  47 
Breaking  stresses.  19-20 
Brick  masonry,  17 
Bridge  truss,-*.  1O 
Briii-h  thermal  unit,  57 
Bronzes,  11-12 

f 
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Brusjics.  dynani" 
Buildup  Bi»teriau: 
breaking  ctreMes  of,  r.i 

weights  of,  !_' 

Calorie,  57 

Calorific  value*  of  fudft,  91. 201 

of  gas.-s.  06-97 

(  'a  par:  tics  of  conductors,  159 

Capacity,  130.  147 

( 'arbori  dioxide  in  furnace  gases,  201 

Carborundum,  122 

Carnegie     structural    steel,     tables, 

31  3»i 
Carrying    capacity    of    conductors, 

159 

Case-hardening,  118 
Castings,  shrinkage  of,  117 

weight  of,  117 
Cast-iron  columns,  31 

pipe,  13 

properties  01,  11 
Cathode,  131 
Cement.  12,  36,  163 
Center  of  gravity,  graphically,  24 

position  of,  25,  162 
Center  of  oscillation,  43 

of  pressure,  106 
Centigrade  thermometer,  57 
Centrifugal  fans.  102 

force,  21;   in  disks,  188 

force  in  fly-wheels,  73 

pumps,  113,  182 
Chains,  crane,  16 

strength  of,  20;   (links,  190) 
Channels,  steel,  33 
Chemical  data,  10 
Chimney  draft,  92 

gases,  92 

Chimneys,  steel,  167 
Chords  of  circles,  5 
Chrome  steel,  11 
Circles,  areas  and  circumferences  of, 

2-3,  5 

Circuits,  calculation  of,  157 
Circular  pitch,  49 
Circulating-pumps,  94,  175 
Circumferences  of  circles.  2-3 
Clearance  in  cylinders,  63,  75,  97 
Clutches,   169.    ]'.»_' 
Coal,  analyses  of,  91 

calorific  values  of,  201 

consumption,  85 

-gas,  81 
Cocks,  KM) 

Coefficients  of  friction,  53 
Collapse.  31,  166 
Collar  bearings,  47,  54,  193 
Columns  and  struts,  '.',(),  165 
Combined-  II,  166,  191 

Combustion.  IK),  175,  201 

rate  of,  03 
Commutator,  139 
Composition  of  substances,  10 
Compound  interc- 
Compressed-air,  101,  ISO,  203 
Compression  and  bending,  30 

and  torsion,  31 


Compression,  steam,  63 

at  re--,  -'I 
Compressors,  an. 

•••,     compre.-:-.ive    .-trciigth    of, 

reinforce.: 

Condensation,  initial,  u_' 
Condensers,  '>'.>,  w 

electrical,  147-148 

Conductance,   131 
Conduction  of  heat,  56 
Conductors,  electrical,  154 

resistance  of,  131 
Cone,  8 

Cone  pulleys,  52 
Conic  frustii 
Conical  sprim 

Connecting-rod  ends.  A(\,  168 
Connecting-rods,  45.  74,  168,  174,  198 
Continuous  beams,  26 
Convection  of  iii-ni.  57 
Conveyors,  belt,  128,  184,  196 

flight,  !'.»»> 

spiral,   I'.Mi 
Cooling  towers,  201 
Cooling-water,  for  condensers,  59 

for  gas-engines,  97.  161 
Copper,  properties  of,  1  1 
Copper  wire,  tables.   154-155 
Cork  insert  pulleys.  K»5 
Corliss  valves,  7().  172 
Corrosion,  95,  176 
Corrutrated  iron,  wt.  of,  13 
Cotter-joints,  22 
Cotton-covered  wires.  137 

transmission  rope,  53 
Coulomb,  130 
Coupling  bolts,  flange-,  22 


Couplings,  169 
Crane  chains, 


16 

hooks.  29 
Cranes,  electric,  128 

hydraulic,  116 
Crank-arms,  46 

-effort  diagram*.  71 

pins,  47,  75,  198 

shafts,  46,  75,  166,  174 

throws,  KM),  174 
Critical  speeds  of  shafts,  194 
Cube,  root,  3 
Cubes  of  number-. 
Cupola,   117 
C'ipro-nickel  sterl.    IS'.I 
Currents,  electrical,  130 
Cut  tins  speeds  of  tools,  1  IS-  1L»3 
Cycloid,  6 
Cylinder,  8 

lubrication,  55 

Cylinders,  gas-engine,  99,  17S 
'•hydraulic,  116 

steam,  66,  174,  198 

n-i-h-pots,  172 

I).-  id-center,  to  place  engine  on,  71 

Deflection  of  beat; 

allowable, 
Delta  metal,  12 
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Demagnetization,  1  n 
Denatured  alcohol,  177 
Density  of  sat uru t ed  ^t.-ain.  ."»!) 
Diagram  factor,  til 
Diagram,  Zeuner's  valve,  68 
Diameters  of  engine  cylinders,  66 
Diametral  pitch,  49 
Dies,  118 

Diesel  engine,  82,  99 
Differential  inilley,  45 
Direction  of  currents  ami   1:: 

force,  133 

Disks,  stresses  in  rotating,  188 
Distillates,  calorific  values  of,  92 
Distribution  eon-i  .m,  150 
Divided  circuits,  131 
Draft,  chimney,  92 

intensity  of,  92 

pressures,  92 

-tubes,  112 
Drills,  twist,  119 
Driving  chain,  51.  170 
Drop  valves,  200 
Duty  of  pumping  engines,  114 
Dynamometer,  55 

Dynamos,  continuous-current,   136, 
186 

design  of  multipolar,  140 

efficiencies  of,  136 
Dyne,  132 

Eccentric  loading  of  columns,  30 

Eccentrics,  46 

Economical  steam-engines,  67,  200 

Economizers,  93,  202 

Eddy  currents.  137-140 

Efficiency,  boiler,  87 

of  dynamos,  136 

of  gas-engines,  97 

thermal,  61 
Elasticity,  18,  163 

moduli  of,  18 
Elbows,  109 
Electric  circuits,  calculations,  157 

cranes,  128 

currents,  130 

drive  for  machine  tools,  209 

energy,  130 

lighting,  159,  208 

locomotive,  161 

power,  I'M 

railroading,  160 

traction,  160 

welding,  117 
Electrical  units,  130 
Electrolysis,  131 
Electro-magnetism,  132 
Klectro-r>a«:nets,  134,  (table)  186 
Electro-motive  force,  130,  186 
Elements  of  machines,  44 
Kl.-vators,  128 
Ellipse,  5 
Ellipsoid,  8 
Emery  wheels,  122 
Knergv,  44 
Kimine  proportions,  auto-,  :.'<>_' 

iri>  .  '.'''.  17s 

steam-,  74 


Knum-  t.-sts.  steam-,  115 

Engines,  .-steam  consumption  of,  67, 

Ivitr.ipv.  7o.   1-.I7.  J(K) 

Epioycfoidal  teeth.  »'.» 

'ration,   "  f rum  an<l  at"   _'!_' 
59 
hi-it  of,  59 

>rative  condensers,  93 
i:\haiist-steam  turbines,  83 

Expansion,  67 

caefficients  of  linear,  18 

of  gases,  57 
E.v.-hars,  1M 

Factors  of  safety,  19 
Fahrenheit  thermometer,  57 
Farad,  130 

Faults  in  indicator  cards,  64 
Feeder  currents,  safe,  160 
Feed-water  heat  inn.  i»3,  175 
Field  coiU,  calculation  of,  142 

magnets    13X 
Fire-box  plates,  87 
Fits,  running,  force,  shrink,  etc.,  125, 

183 

Flagging.  13 

Flange-coupling  bolts,  22 
Flat  plates,  strength  of,  29,  190 
Flight  conveyors,  196 
Floors,  loads  on,  16 

weight  of,  16 
Flow  of  air,  101,  161,  203 

of  steam,  70 

of  steam  in  pipes,  70,  200 

of  steam  through  nozzles,  83 

of  water  in  open  channels,  109, 204 

of  water  over  weirs,  108 

of  water  through  orifices,   li>7 

of  water  through  pipes,  109,  204 
Flues,  90 

Flux,  magnetic,  132 
Fly-wheels,  21,  73,  75,  100,  164 
Force,  43 
Forgings,    allowance   in  machining, 

118 

Form  factor,  150 
Foundations  for  engines,  100 
Foundry  data.  1!7 
Framed  structur.  ;.  39 
Frequency,  145 
Friction,  53 

clutches,  192 

coefficients  of,  53 

couplings,  169 

-gearing,  52,  192 

of  cup  leathers,  116 

of  journals,  54 

jn  ball  bearings,  48 

in  compressed-airpipea,  203 

in  steam  pipes,  200 

in  water  pipos,  108,  204 

locomotive,  85 
Fuels.  91.  92.  97 
Furnace  K:ISPS,  CO*  in,  201 
Furna<  • 

159 
Fusible  plugs,  94 
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(  ialvaiii/ed  iron  wire,  10 

•steel  wire,  16 
(lap  machine  frames,  167 
Gas,  coal-,  London,  81 

-engine  data,  80,  161 

-engine  design,  99,  ITS,  202 

fuels,  91',  175 

-pipe,  13 

Gas  producers,  176 
Gas  turbines,  179 
Gases,  weights  of,  10 
Gauss,  132 
Gay-Lussac's  law,  58 
Gearing,  48.  193 

friction,  192 

train  of,  45 

Gears,  proportions  of,  51 
Geometrical  progression,  4 
Gilbert,  132 
Glass,  12,  13 
Gordon's  formulas,  30 
Governors,  68,  198 
Graphite,  55 
(  Irate  area,  85 
Gravity,  center  of,  24-25 

force  of,  43 
Grinding  wheels,  122 
Grindstones,  122 
Grooving,  95 
Guest's  law,  191 
Gun-metal,  11 
Gyration,  radius  of,  24 

Hammers,  power,  184,  197 
Hardness  of  materials,  19 
Haulage  rope,  16 
Head,  107;   loss  of,  204 
Heat.  56 

insulators,  56,  197 

latent,  58 

sensible,  59 

total,  59 

transmission  in  boilers,  201 

units,  57 
Heating  of  conductors,  159 

and  ventilation,  104,  181 

surface,  85-87 
Helical  springs,  22,  164 

gears,  50,  170,  193 
Henry,  147 

Herringbone  gears,  193 
HiKh-speed  tool  steel,  122,  182 

twist-drills,  125 
Hoisting  drums,  11)5 

engines,  128 

>  .......  Is,  116 

Hollow  spheres,  l!»o 
Horse-power,  calculation  of,  64,  97 
173 

of  boilers,  87;  metric,  162 

of  locomotives,  84 
Hot-air  heating,  181 
Hydraulic  cylinders,  116 

crane,  116 

gradient.  109 

dipe,  ri-feted,  13 


Hydraulic  cylinders 

pouer  tran.Miii>siiin,   lid 

run.    1  Hi 
Hydraulic.-.   HMi 
Hydrometer,  Beaume, 
Hvdrostatic  pressure,  106 
Hyperbola,  s 

Hyperbolic  logarithms,  66 
Hysteresis,  133,  140 

I-beams,  steel,  tables  of,  32 
Illumination,  160 
Impart.  43 
Impedance,  146,  148 
Impulse  wheels,  111,  207 
Incandescent  lamps,  160,  208 
Inclined  plane.  45 
Incrustation,  *J~>,  176 
Indjcated  horse-power,  64 
Indicator  diagrams.  03-65 
Inductance,  146,  158 
Inertia  diagrams,  <  1 

moment  of,  23-24 
Initial  condensation,  62-63 
Injectors,  94 
Insulation,  armature,  137 

dielectric  strength  of,  186 

heat,  56,  197 

resistance,  159 
Intensity  of  draft,  92 

of  magnetic  field,  132 
Interest,  compound,  3 
Internal-combustion  engines,  95,  176 

entropy  diagrams  for,  79 
Interpolation,  4 
Interpoles,  187 
Involute  teeth,  49,  193 
Iron,  cast-  and  wrought-,  11 

malleable,  163 

rods  and  bars,  wts.  of  W.  I.,  12 

wire,  15 
Isothermals,  61 

Jackets,  steam,  62,  63 
Jet  condensers,  93 
Joule,  130 
Joule's  law,  131 
Journals,  46,  168,  193,  198 

bearing  pressures  of,  194 

friction  of,  54 

length  of,  22,  190 
Kinetic  energy,   1 1 

of  steam,  83 
Kirohoff's  laws,  131 
Knuckle  joints,  195 

Lacing,  ",_' 

Lag-screws,  15 

Laminated  springs,  29,  165 

Lap,  steam.  68 

Latent  heat,  58 

Lead.  162 

Lead  of  valves,  68 

Lead  pipe,  14 

Leakage  factor  (magnetism),  141 

steam-.  63-64 
I.eath.-r  belts.  51 
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Lever,  44 

Lilting  power  of  magnet-,   1  i  I 

I  torce,   !:<_' 
Loam,    117 
Locomobiles,  21 M) 
Locomotives,  electric,  161 

•n.   M,    175 

Logarithms,  common,  4;    tal 

hvperbolic,  06;   formulas  for,  189 

>i    pressur* — see  How  of  air, 
water,  steam,  etc. 
Ixiw-pressure  steam  turbines,  83 
Lubrication,  54,  55 

Machine  design,  proportioning  a  se- 
ries of  machines.  128 

miscellaneous,  184 

-screws,  119,  183 

shop,  the. 

took,  electric  drive  for,  209 
Machinery,  power  required  for,  126, 

210 

Machines,  elements  of,  44 
Magnalium,  162.  IVi 
Magnetic  circuit,  i:>3 

clutches,  192 

densities  in  transformers,  153 

field,  intensity  of,  132 

flux,  132 

induction,  132 

Magnetizing  force,  intensity  of,  132 
Magneto-motive  force,  132 
Magnets,  electro-,  134 

field-,  138 
Magnolia  metal.  12 
Malleable  iron,  163 
Manganese,  162 

bronze,  11,  162 

steel,  11 
Manila  rope,  53 
Marine  engines,  173 
Marriotte's  law,  57 
Masonry,  brick,  17 
Mass,  43 
Materials,  11 

boiler,  11 

hardness  of,  relative,  19 

strength  of,  18 
Mathematics,  1 
Maxwell.   i:U 
Mean  spherical  candle-power,  160 

i.glish  and  metric,   1,  10 
Mechanical  refrigeration,  102 

stoiitikr    '.''•.  I7ii 
Mensuration.  ."> 
Mercury,  11 
Metal  cutting  saws,  125 

I    1.      I  HI'.     I'M  I 

tenacity  of,  191 
Metric  screw-threads,  119,  184 

weight*  and  measures,  1,  1»'._' 
Milling  cutters,  118 
Moduli  of  elasticity,  18 
Modulus,  section,  23 

of  rupture,  31 

Moisture  (,in  steam),  58;    in  :ii: 
Momrnt  of  inertia.  23,  Jl.  26,   HI.'. 


Momentum,  43 

Mon.-l  metal,  i^1' 

Monocyclic  generator,  !."•<> 

Mol>e    t.lp.T-.     1  !'.» 

Motors,  continuous-current.  14.1 

for ;  machine-tools,  1J7,  J'i'.i 
Multiple-expansion  diagrams,  60 
Multiix>lar  dynamos,  design  of.  140 

Nails,  holding  power  of,  16 

wire,  15 

Nernst  lamp,  160 
Neutral  a\, 
Nickel,  162 

steel,  11,  189 

-vanadium  steel,  162 
Nozzles,  flow  of  steam  through,  83 
Nuts,  number  in  100  Ibs.,  15 

proportions  of,  120 

Oersted,  132 
Ohm,  130 
Ohm's  law,  131 
Overshot  wheels,  1 1 1 

Paint  and  painting,  129 
Parabola,  5 
Paraboloid,  8 
Pedestals,  168 
Pelton  wheel,  111 
Pendulum,  43 
Performance  of  boilers,  87 

of  pumping  plant,  115 
Periodicity,  145 
Permeability.  132 

Petroleum,  calorific  value  of,  92,  201 
Phase,  145 
Phosphor  bronze,  11 
Pi  (w).  values  of,  189 
Pins,  22 
Pipe,  cast-iron,  weight  of,  13 

lead.  4 

lines,  water  hammer  in,  182 

strength  of,  20 

threads  on  wrought-iron,  14 
Pipes,  steam,  94,  200 
Piston  Rings,  168,  178 

-rod  lubrication,  55 

-rods,  74,  168,  174,  195,"198 

speeds,  70,  97,  173 

-valves,  85 

Pistons,  74,  100.  174,  178,  198 
Pivots,  47.  .->; 
Planers,  184 
Plates,  boiler-shell,  87 

flat,  29,  190 
Platinum,  162 
Plunger  electro-magnets,  1S4 

pumps,  114.  l^J 
Pneumatic  tools.  1OL' 
Poisson's  ratio,  18 
Polar  moment  of  inertia,  24 
Poppet  valves,  200 
Potential  energy,  44 
Power.  It 

cost  of,  127,  184 

-factor.  146.  ir.7 

for  shafting,  127 
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Power,  hammere,  44,  184,  197 

measurement  of,  55 

plant*,  COM  of,   127 

M,   1!»7 
Tower  required  \,y  cutting  tools,  !_':>, 

210 

Power  required  by  machinery,  126, 
183,  211) 

transmission,  hydraulic,  110 

electric,  157 
Presses,  power,  197 
Priming,  95 
I'ro, Incurs,  gas,  176 
Prony  brake,  55 
Pulley  blocks,  171 
Pulleys,  45,  52,  170 

cone,  52 

cork  insert,  195 
Pulsometer,  116 
Pumping  engines,  114,  182 
Pumps,  air,  94 

centrifugal,  113,  182 

circulating,  94 

plunger,  114,  182 
Punches  and  dies,  118,  184 
Pyramid,  8;  frustum  of,  8 
Pyrometers,  57 

Quantity  of  electricity,  130 
Quarter-phase  generator,  149 

Radjation  of  heat,  56,  105 
Radius  of  gyration,  '24 
Rails,  elevation  of,  175 

resistance  of,  160,  187 
Ram,  hydraulic,  116 
Rate  of  combustion,  93 
Ratio  of  expansion,  63,  66 
Rawhide  gears,  50 
Reactance,  146 

voltage,  143 
Receiver  volume,  75 
Recoil,  44 
Re-evaporation,  63 
Refrigeration,  mechanical,  102,  180 
Reheating  of  air,  102 
Reinforced  concrete,  36,  166 
Reluctance,  132 
Reluctivity,  133 
Renold  chain  gear,  51 
Resilience,  18 
Resistance,  130 

of  conductors,  131,  155 

of  rails,  160,  187 

specific,  131 

train,  84,  160 
Refinance,  148 
Rheostats,  144;  water,  208 
Rings,  strength  of,  165,  190 
Riveted  hydraulic  pipe.  13 

joints,  21,  161,  164,  190 
Riveting,  22 
Rivets,  boiler,  88,  161 

bridge,  weight  of.  15 

proportions  of,  21 
Rods,  weights  of  \V.  I..  12 
Holler  bearings,  47,  54,  169 
Rolls,  184 


.  17 

.  )  I 
Roofmn  materials,  13 

sl:,le.   i:i 

Rope,   haulage.    Id 
Manila,  .',.', 

•ii;th  of,  20 

transmission,  Hi,  53,  195 
win-  hoisting-,  10 

Rubber  belts,  51 
Rupture,  modulus  of,  31 

Safety,  factor  of,  1' 

-valves.  45,  94,  201 
S-itid,  117 

Saturated  steam,  ">s-0o,  ; 
Saws,  metal-CUtting  circular,  125 

.  95 
Screw,  45 

conveyors,  185,  196 

-propeller,  173 

-threads,  119-120,   1M 
Screws,  power  transmission,  168 

machine,  119 
Section  modulus,  23 
Sector  of  circle,  5 
Segment  of  circle,  5 

of  sphere,  8 

Self-induction,  137,  146 
Sensible  heat,  59 
Serve  tubes,  86 
Shaft  bearings,  191 

collars.  195 

couplings,  47 

governor,  198 
Shafting,  46 

power  absorbed  by,  127 
Shafts,  armature,  139 

critical  speeds  of,  194 

flexible,  195 

stiffness  of,  22 

strength  of,  22,  195 

turbine,  208 
Shapers,  184 
Shear  legs,  42 

stress,  21-28 
Shears,  184 

Sheet-metal  gauges.  121 
Shingles,  pine.  13 
Shop  data,  117 
Shrink  fits,  125 
Shrinkage  of  casting.  117 
Silicon  bronze,  11 
Simpson's  rule,  6 
Singie-phase  generator,  148 
Sinking  fund,  4 
Siphon  condenser,  17.") 
Skylight  and  floor  glass.  13 
Shite.   12.   13 
Solder.  12 
Solenoid,  136 
Space  factor.  142 
Sparking,  137 
Specific  gravities  of  substi  'ices,  11,12 

heat.  57.   104 

inductive  capacity,  1-17 
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Specific  gravities  of  resistance,  131 

volume  of  steam,  61 
Spheres,  strength  of  hollow,  190 
Spikes,  15 
Spiral  conveyors,  185,  196 

gears,  50,  170,  193 

springs,  23 
Splines,  22 
Springs,  laminated,  29 

strength  of,  23 
Spur  gears,  49 
Square  root.  3 
Squares  of  numbers,  2 
Stay-bolts,  88 
Stayed  surfaces,  29 
Steam  boilers,  87,  89 

consumption  by  engines,  67,  172, 
200 

-engine  proportions,  74,  174,  198 
Steam-flow,  70,  83 

formulas,  197 

hammers,  184 

-heating,  105,  181 

jackets,  62,  63 

moisture  in,  58 

-pipe  coverings,  56,  197 

pipes,  75,  94,  105,  200 

ports,  75 

saturated,  58-60,  197,  199 

superheated,  58,  61-62,  67,  197 

tables,  60,  199 

turbines,  82 
Steel,  properties  of,  11,  163 

Carnegie  structural,  31-36 

belts,  192 

castings,  190 

chrome,  11 

cupro-nickel,  189 

manganese,  1-1 

nickel,  11,  189 

tungsten,  11 

vanadium,  162 

Steels,  alloy,  properties  of,  11,  189 
Step  bearings,  193 
Stiffness  of  shafts,  22 
Stones,  weights  of  various,  12 
Storage  batteries,  185 
Strain,  18 
Stray-field,  138 
Strength  of  axles.  191 

of  bolts.  21 

of  chain,  20 

of  chajn  links,  190 

of  chain  rings,  190 

of  cotter- joints,  22,  164 

of  crane-hooks,  29 

of  cylinders,  20,  164 

of  eye-bars,  21 

of  flange-coupling  bolts,  22 

of  flat  plates,  29,  190 

of  gear  teeth,  50 

of  hollow  spheres,  190 

of  helical  springs,  22 

of  keys,  190 

of  laminated  springs,  29 

of  materials,  18,  163 

of  pipes,  20 

of  riveted  joints,  21,  190 


Strength  of  ropes,  20 

of  shafts,  22,  195 

of  stayed  surfaces,  29 
Stress,  18 

bending,  23 

compressive,  21 

diagrams  for  framed  structures,  39 

due  to  impulsive  load,  18 

heat-,  18 

shear,  21-28 

tensile,  20 

torsional,  22 
Stresses,  breaking,  20 

allowable,  163,  190 

combined,  29 
Structural  steel,  31-36 
Stuffing  boxes,  168 
Superheated  steam,  58,  61,  62,  67, 

172,  188,  197 
Superheater  surface,  62 
Surface-condensers,  93,  174 
Surfaces  of  solids,  7 
Susceptibility,  132 

T-shapes,  Carnegie  steel,  34 
Tantalum  lamp,  160 
Tap  drills,  119-120 
Tapers,  Morse,  119 

turning,  119 
Temper,  11 
Temperature,  57 

-entropy  diagrams,  76 
Tempering,  118 
Tenacity  of  metals,  191 
Tensile  stress,  20 
Tension  and  bending,  29 
Thermal  efficiency,  61 
Thermometers,  57 
Threads,  pipe  (wrought-lron),  14 

screw-,  119-120 
Three-phase  generator,  150 
Thrust  bearings,  46,  168 
Tin,  11 
Tin  plate,  13 

Tool  steel,  high-speed,  122,  182 
Tooth  density  (magnetic),  140 

Torque,  144 
Torsion,  angle  of,  22 

and  bending,  166,  191 

and  compression,  31 
Torsional  stress,  22 
Total  heat,  59 

Traction  of  electro-magnets,  134 
Tractive  force,  160 

power,  84 

Train  resistance,  84,  160 
Transformers,  151 

design  of,  151 
Transmission  circuits  (electric),  157 

rope,  16 
Trapezoid,  5 

Trigonometry,  with  table,  8,  9 
Trusses,  40 
Tubes,  boiler,  14,  88 

holding  power  of,  87 
Tungsten  lamps,  208 

steel,  11 
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Turbine  bearings,  193 
Turbine*,  gas,  179 

hydraulic,  111,  206 
design,  205 

shafts  lor,  208 

steam,  82 
Twist-drills,  119 

high-speed,  125 

Undershot  wheels,  110 

Vacuum,  64 
Valve-stems,  46 
Valves,  engine,  68,  200 

gate-,  109 

poppet,  200 

proportions  of,  70,  178,  200 

safety,  45,  94,  201 
Vanadium  steel,  nickel-,  162 
Velocity,  43 
Ventilation,  104 
Volt,  130 
Volumes  of  solids,  7 

Water,  106;  see  flow  of. 

consumption,  64 

hammer  in  pipe  lines,  182 

pipe,  13;   (friction  in),  204 

rheostats,  208 

wheels,  110 
Watt,  130 
Wedge,  45 
Weight  of  bolts,  15 

ofbars,  12 

of  building  materials,  12,  13 
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eight  of  flat  wrought-iron  bars,  13 
of  Rases,  10 


of  plates,  12 

of  rivets,  15 

of  rods,  12 

of  round  wrought-iron  bars,  12 

of  sheet-metals,  13 

of  spheres,  12 

of  square  wrought-iron  bars,  12 

of  tubes,  12 

of  woods,  12 
Weights  and  measures,  1 
Whirling.  117 
Wheel  and  axle,  45 
Wind  pressure,  167,  203 
Winding  table  for  magnets,  186 
Wire,  galvanized-iron,  16 

galvanized-steel  strand,  16 

gauges,  121 

hoisting  rope,  16 

iron,  15 

nails,  15 

rope,  16,  53 

steel,  -15 

Wiring  formulas,  156 
Wood,  calorific  value  of,  92 
Woods,  weight  of,  12 
Work,  18 

Worm  gearing,  50,  170 
Wrought-iron  pipe,  14 

properties  of,  11 

Z-bars,  Carnegie  steel,  35 
Zeuner's  diagram,  68 
Zinc,  11 
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